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Star exhibits at the Consumer 
Electronics Show held in Las 
Vegas earlier this year included 
PVD (digital versatile disc) players 
shown by some Japanese and a 
Korean firm. It is almost a year 
ago that, under pressure from 
computer companics*, the two 
sides in the battle for the standard 
of the high-density disc and the 
digital video disc reached an 
agreement, thereby sparing the 
public having to choose between 
two incompatible systems. Thus, 
the Super Density CD from 
Toshiba/Time Warner, modified to 
take in certain properties of the 
Multimedia CD proposed by 
Sony/Philips. became the digital 
versatile disc (DVD), 

Although there are still some 
last-minute arguments over the 
best means of protecting the new 
dise from piracy, several Japanese, 
Korean and European companies 
have stated that they hope to have 
early production versions of DVD- 
Video (for films) and DVD-ROM 
(for video games) players in the 
shops before Christmas, 

There is no doubt that the 
DVD is the most important piece 
of consumer electronics since the 
appearance of the video cassette 
almost twenty-five years ago. Like 
the video cassette, the DVD tech- 
nology will be the king-pin of 
Japan’s electronics industry, with 
the rest of the world looking on. 
Pundits reckon that over the next 
5-10 years the new technology will 
almost certainly replace the video 
cassette, the audio CD and the Cb- 
ROM, 

Although the basic develop- 
ment was carried out by Toshiba, 
Matshushita, the world’s largest 
consumer electronics firm (incor- 
porating National, Panasonic, 
Technics, and Quasar), Sony and 
Toshiba will be the main manufac- 
turers of the new equipment. 
Even Matshushita, however, will 
not make the laser pick-ups that 
read the disc. It may be that they 
will turn to Sanyo, who specialize 
in making laser pick-ups for read- 
ing audio CDs and CD-ROMs. 
Sanyo have developed a liquid- 
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crystal laser pick-up that can be 
used for both the DvD and current 
CDs and which uses fewer parts 
than any of the current designs. 

Pioneer, the market leader in 
30 cm laser discs (with a library of 
some 30,000 titles!) will probably 
concentrate on manufacturing 
dises, since 12 cm DVDs are pro- 
duced on similar machinery as the 
laser disc. 

Outside Japan, one or two Ko- 
rean firms , such as LG-owned 
Goldstar, Philips of the Nether- 
lands, and SGS Thomson of 
France, will, no doubt, take a 
small slice of the market. Both 
Philips, an ally of Sony, and SGS 
Thomson (who own the RCA and 
GE labels), an ally of Toshiba, 
have been involved in DvD tech- 
nology from the start, but they re- 
main heavily dependent on their 
Japanese allies, who hold the rele- 
vant patents (it appears, however, 
that the patent holders have 
agreed to license the technology 
for a royalty of 1.5 per cent per 
machine). 

The DVD and CD have much in 
common: they are the same size 
(12 cm dia), which makes them 
identical in appearance, and use 
the same basic optical storage 
technology in which information is 
represented by microscopic pits — 
for a detailed description of the 
process, see Elektor Electronics, 
July/August 1987, p. 39. However, 
there the similarity ends. The min- 
imum length of the pits on a CD is 
1.83 um and on a DYD only 
0.4 um. This results in a density of 
6300 tracks cm7! on a cD and 
13,400 tracks cm! on a DvD. 
Since the recording surface is 
33 mm wide, a CD contains about 
20,000 tracks, and a DVD, 44,000 
tracks. The distance between adja- 
cent tracks on a CD is 1.6 um, 
whereas that on a DVD is 0.74 um. 
A CD contains some 7x10° bits, 
whereas a DVD can store up to 
38x109 bits per layer (it has two 
layers, which may be recorded 
separately}, Thus, a DVD can store 
almost 11 times as much informa- 
tion as a CD, enough to store a 
full-length feature film in high- 


* These companies felt, almost certainly quite correctly, that the likeli- 
hood of selling the new disk as a multimedia computer ROM is far 
greater than using it as a vehicle for Hollywood movies. 
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quality video with digital sound. 

Moreover, the storage capac- 
ity of a DVD can be almost dou- 
bled to 17 Gigabytes (GB) by the 
use of four layers, two on each 
side of the disc, 

Owing to the dissimilar di- 
mensions of pits, tracks and track 
separations, the lasers used in the 
players are different: CD players 
use a red (635-650 nm) laser, 
whereas DVD players use an infra- 
red (780 nm) type. 

The pvp player allows a 
viewer to rewind or fast-forward 
in a flash. 

One drawback, compared with 
a VCR, is that neither the 
DVD-Video (for films) nor the 
DVD-ROM (for video games) can 
record, However, according to 
some pundits, recordable ver- 
sions—the DVD-RAM and 
DVD-R—will become available be- 
fore the turn of the century. 

Technically, it is already feasi- 
ble to make a recordable version 
of the new disc player. Unfortu- 
nately (or fortunately if you are in 
the movie business, since, nat- 
urally, most film makers do not 
cherish the idea of any Tom, Dick 
and Harry making perfect copies 
of their films on disc in his living 
room), the recording of ana- 
logue television pictures into the 
MPEG (Moving Picture Experts 
Group) code (as used by the new 
dise) will necessitate complex (and 
thus expensive) circuitry. This will 
probably rule a DvD recorder out 
of court for all but the well-off 
and commercial recording plants 
for the next ten years or so. 

Unlike the VCR, which has to 
be compatible with one of the 
three main television standards: 
PAL, SECAM and NTSC, the DVD 
format is universal. Moreover, 
DVD technology is compatible 
with current CD technology, so 
that you will not have to discard 
your audio CDs and CD-ROMs 
when you buy a DVD player. 

More information on the DVD 
may be gleaned from http://www. 
ima.org;forums/imf/dvd/faq.html 

[yosti7a-1] 


INTERNATIONAL 
BROADCASTING 


CONVENTION 


A group of over 40 British broad- 
cast equipment and systems com- 
panies will launch new products 
and demonstrate a wide range of 
system and services at the Inter- 
national Broadcasting Conven- 
tion, IBC “96, in Amsterdam from 
12 to 16 September. 

The group, supported by the 

United Kingdom Department of 
Trade and Industry, is said by its 
organizer, the Federation of the 
Electronics Industry, to be the 
largest-ever from Britain to take 
part in this prestigious inter- 
national event, which attracts 
broadcasters from all over the 
world. 
Detailed information from the Fed- 
eration of the Electronics Industry, 
Russell Square House, 10-12 Rus- 
sell Square, London WC1B SEE. 
Phone +44 (0)171 331 2000; fax 
+44 (0)171 331 2040. 


ELECTRONICS RE- 
CYCLING FOR 
LONDON 


An estimated 3000 tonnes of elec- 
trical and electronic equipment 
are disposed of in the City of Lon- 
don each year — including more 
than 2000 tonnes of personal com- 
puters and printers, and 500 
tonnes of photocopiers.year: 

The City’s local authority, the 
Corporation of London, has car- 
ried out a survey? measuring the 
potential for a recycling service to 
tackle this waste stream. 

The Corporation envisages a 

new recycling plant that provides 
jobs for Londoners as well as huge 
environmental and economic ben- 
efits. Such a scheme would consist 
of: * a dedicated collection ser- 
vice; * a sorting facility, close to 
the City, where initial dismantling 
and further processing would be 
carried out as far as practical: * an 
experienced electronics recycling 
company contracted to the Corpo- 
ration, which would operate this 
facility, market recovered materi- 
als and dispose responsibly of 
residues under Corporation su- 
pervision and quality control.; * a 
procedure for the voluntary sector 
to select items for refurbishment 
and further use. 
* ‘Blectronics Recycling in the 
City of London’. Further details 
from the Corporation of London 
on 0171 236 9541. 


ARE YOU READY 
FOR 2000? 


It is not generally realized that 
confusion—to put it mildly—will 
reign on computers when the new 
millennium starts. The reason for 
this is that computer systems 
store dates as yymmdd (year - 
month - day), so 20 September 
1996 is stored as 960920. When 
2000 arrives, any comparison of 
dates will throw up wrong an- 
swers. For instance, a person's 
age is, typically, calculated by 
subtracting the year of his/her 
birth (omitting the first two dig- 
its) from the current year. Thus. 
for instance, a computer will cal- 
culate the age of someone born 
in 1963 by deducting 63 from 96 
(= 33). In 2000, this person will 
be 00-63 = -37! Are you ready to 
tackle the problems caused by 
this? 


DEGREES FOR IN- 
CORPORATED EN- 
GINEERS 


Twenty-two degree courses spe- 
cifically designed for potential In- 
corporated Engineers are de- 
tailed in a new brochure pub- 
lished by the Institution of Elec- 
tronics and Electrical Incorpo- 
rated Engineers (IEEIE). 

The brochure, Degrees for In- 
corporated Engineers, contains 
comprehensive information on 
the courses and details of the uni- 
versitics and colleges offering 
them. All the courses have been 
accredited by the TEEIE in associ- 
ation with the Joint Accreditation 
Board (JAB) for Incorporated En- 
gineers and Engineering Techni- 
cians, of which the IEEIE is a 
founder member, and accepted 
for IEng registration by the Engi- 
neering Council, 


WILL A NETWORK 
COMPUTER 
SUCCEED? 


There is much discussion going 
on between pundits on whether 
the promised (threatened?) net- 
work computer from Oracle will 
succeed where, just ten years ago, 
other ‘peoples computers’ failed. 
Oracle feels that the price of the 
current generation of personal 
computers is too high and that its 
operation is too complex. 

Although it is generally ac- 
cepted that most PCs are used for 
computer games only, the inten- 
tion of Oracle is to provide the 
‘average’ user with a cheap and 
simple-to-operate instrument 
with which he/she can ‘send 
e-mail, surf the Internet, write 
letters, send a fax , use spread- 
sheets, The question is: “How 
many ‘average’ users want to 
write letters, send a fax or use a 
spreadsheet on a computer?”. 
And, if all these facilities are 
provied, will the network com- 
puter still be simple enough to be 
operated by the ‘average’ user? 
These are the questions pundits 
are asking themselves, 

Many insiders believe that 
with mass unemployment in large 
parts of the world, Oracle’s hope 
of selling 100 million network 
computers over the next three 
years (the first — subcontracted — 
models are due this month in the 
USA) seems highly optimistic. 

But, assuming it comes true, 
what will the effect be on the 
world’s telephone networks that 
will bear the brunt of these new 
machines? Already, in some 
areas of the USA, there is at cer- 
tain times of the day serious 
overcrowding of the telephone 
service owing to people using 
telephone lines for long periods 
for accessing the Internet, 


SUPERCHIPS FROM 
TEXAS INSTRUMENTS 


Texas Instruments has recently 
announced the development of a 
chip made in 0.18 wm technology 
(TI's Timeline Technology) that 
contains up to 125 million tran- 
sistors. 

The new technology is emi- 
nently suitable for the develop- 
ment of ICs for advanced wireless 
communications, Internet servers 
and power computer systems. 

An Ic containing 125 million 
transistors would be able to con- 


Elektor Electronics 


tain the logic necessary for con- 
structing 100 current modems. 
Moreover, such modems would 
be able to work on a much higher 
rate than the current 28.8 Kbps. 
Also, one such IC could contain 
all the electronics used in current 
domestic of business systems. 

The Timeline Technology will 
be used in future production of 
ASICs (Application Specific 1Cs) 
and DsPs (Digital Signal Proces- 
sors). 
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part I 


The test chart genera- 
tor described in this 
article has a number 
of remarkable fea- 
tures: it is extremely 
versatile, suitable for 
testing TV sets (in- 
cluding PALplus 
types) as well as VGA 
computer monitors, 
and sets a ‘low’ 
record as regards 
component count. 
The total cost of the 
project being negligi- 
ble compared with 
commercially avail- 
able PALplus genera- 
tors, this circuit 
should be of particu- 
lar interest to TV re- 
pair technicians. 


Design by W. Foede 
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To date, PALplus test chart generators 
are few and far between and expen- 
sive, too. The circuit described here is, 
therefore, a unique opportunity for 
many TV technicians to generate a 
PALplus signal in an affordable way. 
To the electronics engineer with a 
wider interest than just TV repair, the 
most important fact is that a single test 
chart generator is available which can 
be used for no fewer than four video 
standards, covering many, if not all, 
eventualities. Forgetting about the 
standard voltage regulator on the 
board, the circuit contains only four in- 
tegrated circuits: a regular EPROM, a 
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programmed EPLD chip, a type 4040 
CMOS counter and a PAL encoder. 
The fact that the test charts are 
stored in EPROM allows you to design 
your own pictures. The EPROM sup- 
plied through our Readers Services 
contains a total of twelve test charts, six 
for TV sets and six for VGA monitors. 
Complete with its UHF modulator 
and internal power supply, the gener- 
ator is a little larger than an old-fash- 
ioned pocket calculator. Its power con- 
sumption being a mere 4 watts, the 
generator is definitely suitable for pow- 
ering from a battery, which may be 
useful when the instrument is used ‘on 


Elektor Electronics 9/96 


ANANANAAAAAAAAAARAAAAAAAAAAARAARRAARRRRAS 


TA 


[2 
mul 
= 
nn 
— |S 
o}o 


E AB 


a 
a 


18 


iz 
i 


4 


aT 

Ee 
nN 
a 


gz 


c23 


Ka 


— 
100p 22p 
X1 = SMHz 
X2 = 6.867238MHz 
5v (4) 
RS 
R21 
> 
8] rie 
fa 
v@ 
cs 08) feta 
Ica 
220n (8) 100n 


the road’. The only controls are a 
push-button and an on/off switch. 


EPLD + EPROM 
VIDEO GENERATOR 


The relatively small number of com- 
ponents seen in the circuit diagram, 
Figure 1, belies the number of func- 
tions actually carried out by the circuit. 
Don’t be fooled, however, because the 
complex generation of the test charts 
for different standards is carried out by 
the combination of an EPLD (IC1) and 
an EPROM (1C3), which are intricate 
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circuits. Another high- 
integration device, IC2, 
performs the complex 
function of PAL en- 
coder, while a ready- 
made UHF modulator 
is connected to pin row K2. 

The EPLD used is the relatively in- 
expensive type EPM7032 from Altera, 
which is a good choice for circuits in 
which standard GALs are uneconom- 
ical from a point of view of current 
consumption and board layout. For 
the EPM7032, free Windows software 
is available (ISTEP) which includes a 
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so-called Fitter for auto- 
matic routeing and pin 
assigning, Program- 
mers tor this device are 
affordable, for instance, 
the LabTool-48 from 
Advantech. However, you do not need 
either of these products because the 
EPM7032 in this project may be ob- 
tained ready-programmed through 
our Readers Services. 

The external circuit around IC1 in- 
cludes two quartz crystal oscillators. 
The one running at 8.86 MHz is the 
main clock source from which all 
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PALplus format 
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The PALplus format 


PALplus is a further development of the PAL (Phase Alter- 
nating Line) TV standard, which allows a smooth transition 
from today’s analogue 4:3 to the future 16:9 TV picture for- 
mat. A feature of PALplus is full downward compatibility 
without any change to existing equipment. Furthermore, 
the picture quality is considerably enhanced because 
cross-effects are avoided, while the visible luminance and 
chrominance bandwidth are notably improved. In a num- 
ber of countries, PALplus programmes are already being 
broadcast. 

The basic format processing is sketched in the il- 
lustration, With PALplus, the TV camera supplies a picture 
in actual 16:9 format with 576 active lines. The line times 
and frequencies are identical with the PAL standard. If such 
a picture were displayed on a 4:3 TV set, the line dura- 
tion would be reduced by 25% relative to the picture 
height: circles then become ellipses. Obviously, the pos- 
sibility exists to overwrite the sides of the picture, or com- 
press the picture height. Neither solution is entirely satis- 


line frequency: 15625Hz 
field frequency: 50Hz 
625 lines/frame (interlaced) 
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lines 
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first field second field 
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factory, while all existing TV sets would have to be up- 
graded. 

PALplus does not transmit the actual camera 
image, but a ‘core image’ reduced to 430 lines with two 
‘helper’ areas of 72 lines each, above and below the core 
image. These areas are generated by vertical filtering. In 
simple words, this means that a set of four lines is divided 
into three core lines and one line from the helper area. As- 
suming equal contents of both fields, the helper areas are 
generated from the frame in Film mode, while in Camera 
mode the source is the field. The contents of the helper 
lines modulated on a colour subcarrier (CSC) with phase 
position 0°, like the regular chrominance signal. With a pos- 
itive signal, that corresponds to blue, and with a negative 
signal, to yellow. The helper CSC is added at the height of 
the burst signal, i.e, black, at a fevel which should not ex- 
ceed that of the burst. Because of the small signal-to-noise 
ratio, that process requires the Y signal (brightness) of the 
helper lines to be reduced in a non-linear manner. The 
height of the picture so made is 25% too smail. On a tra- 
ditional 4:3 receiver, however, a distortion-free 16:9 picture 
appears, without lost areas, but with dark helper areas (let- 
terbox) and 430 lines. PALplus transmissions are easily dis- 
cerned from a regular movie-size 16:9 transmission by 
looking at the visible picture area. In the dark areas, blue- 
yellow helper line products occur. A PALpius receiver uses 


72 lines “dark band" 
4:3 receiver with PALplus picture 


the core and helper lines to restore a proper 16:9 picture 
with all 576 lines as originally supplied by the camera in 
the studio. 

A comparison between the two formats indicates 
that the number of lines in a 16:9 picture does not in- 
crease, only the line length! if the horizontal resolution is 
to be upheld, then the number of pixels per line, i.e., the 
highest Y frequency, must be increased. To reduce cross- 
colour effects, for example, with non-synchronising colours 
in finely detailed patterns, and because of the established 
separation of the brightness and colour information by 
means of a 4.43-MHz bandpass filter, the highest possible 
Y frequency with PAL used to be about 3.5 MHz. This has 
been changed to ‘Colour Plus’ in the PALpius format. The 
PAL standard couples the colour subcarrier (CSC) to the 
line frequency using the fixed ratio 283.7516:1. Two fields 
of 312.5 lines are transmitted in interlaced fashion. With 
equal picture contents of the fields, overlapping lines, @.g. 
lines n and (n+312), have a CSC phase difference of 180°. 
That allows the Y and C components to be separated in an 
elegant way. When the lines of both fields are added in 
phase, the Y signal is automatically obtained, 
while the C signal remains if the fields are 
added in anti-phase. This ‘clear cut’ between 
Y and C prevents cross-effects between 
these components, while allowing the full 
Y bandwidth of about 5 MHz to be used. The 
same goes for the colour component band- 
width, which increases from 700 kHz to 
about 1.3MHz. The procedure is called 
‘Fixed Colour Plus’. It works provided a field 
delay is available, and fields have identical 
contents. Because that only applies to sta- 
tic pictures and film scanning, Colour Plus is 
extended to ‘Motion Adapted Colour Plus’ 
(MACP). The PALplus receiver is controlled 
by the Wide Screen Signalling (WSS) flag. A 
search for free lines during the line blank- 
ing period only results the first half of line 23 
after the start of the first field, and line 623 
before the end of the second field. All other 
invisible lines are already in use for teletext, 
data and test signals. The WSS signal is a bit 
pattern in bi-phase level modulation which is 
derived from a 5-MHz clock. This bit pattern 
starts with a Run-in code (5 bits), followed by 
a Start code (4 bits), a Format code (4 bits), 
an Enhanced Service code (4 bits), a Subtitling code 
(3 bits) and, finally, a Reserve (spare) code (3 bit). 

The run-in and start codes are always equal and 
serve to synchronise the clock in the PAL plus receiver at 
40-ms intervals. The format code arranges the actual pic- 
ture size control; these 4 bits indicate the picture format to 
be displayed (wide screen or regular; position of the let- 
terbox). The Enhanced Service code contains information 
on the Camera/Film mode as well as on the MACP and 
helper lines modulation. The subtitle bits are set when sub- 
titling is available. The spare bits, finally, may be used for 
special applications. 

The WSS signal has a level of 500 Mp when the 
video signal is at 700 mV,,. The pattern is easily visible on 
the screen if you reduce the picture height a little. The re- 
mainder of line 23 has an 11-us long 4.43-MHz burst at the 
black level. The burst level is 300 mV,, and its phase is 
180°, so that the helper lines demodulator is not restricted 
to the alternating, regular PAL colour burst for reference. 
Line 623 acts as a reference for the component levels, sup- 
plying 10-us black and white periods. PALplus TV sets are 
programmed to switch over when the WSS signal has the 
following bits set (logic 1): Letterbox 16:9 Center, Vertical 
Helper Encoding and Motion Adaptive Colour Plus. WSS 
is, incidentally, also reserved for the format transition 
planned for SECAM. 
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video frequencies (horizontal, vertical, 
colour subcarrier) are derived for use 
in the circuit. It operates in funda- 
mental frequency mode (parallel reso- 
nance) and may be fine-tuned with 
trimmer C23. The 5-MHz oscillator 
only supplies the bit clock for a digi- 
tal drive signal which is required for 
PALplus (WSS signal, see inset box on 
the PALplus format). 

The only other external part is a 
press-key which is software-de- 
bounced by the EPLD, and serves to 
step through the test charts. 

The EPROM is effectively ad- 
dressed by counters inside the EPLD. 
The function of these counters is ex- 
tended by a 12-stage binary counter 
type 74AC4040 (C4). 

The crux of the circuit is the com- 
bination of the EPLD and the EPROM, 
which stores the test charts in the form 
of pixels (picture elements), and sup- 
plies control signals to the EPLD, en- 
abling this chip to convert the pixel 
data into a video signal for three dif- 
ferent T'V formats, or for VGA, 

The pixel programming of the test 
chart enables any pattern you like to 
be designed and generated ‘full- 
screen’. The largest possible EPROM 
(27C040) enables six TV and six VGA 
test charts to be stored, where a TV 
test chart occupies 512 kBit, and a VGA 
test chart, 1 Mbit. One byte contains 

two pixels. Each of the 


tres 


three 

primary colours, red (R), 

green (G) and blue (B) requires at least 
one bit. Giving a total of six colour bits 
for two pixels, two bits remain in every 
byte for control signals (see the code 
table in Figure 2). In TV mode, a pixel 
has a duration of 225ns, in VGA 
mode, 112 ns. The switching over of 
the half-byte (nibble) is controlled by 
an internal signal (XHL in Fig. 2) of the 
EPLD. The frequency of this signal is 
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HEX EPROM-CODE 


i 


CODE/4 Bit 


XHL XHL (pixelbits) 
18 61 B (D4 DB) _ 
: 2 pixels/byte 
20 @2 G (DS D1} 
D3 blocks R/G/B 
4@ @4 R (DS D2) 
CODE/A Bit 
ae SHV TV/VGA (07/D3} 
18 SHV blocked in VGA {04/03} 
28 SHV blockedin TV {05/03} 
48 SV TV/VGA (D7/DB5/03} 
4A SV blocked in VGA (D6/D3/D1 } 
4C SV blocked in TV (D6/D3/D2) 
ag AR TV/VGA (D7/03/D0) 
ag AR TV (D7/D3)} 
ag XINS WSS (L239) PALplus (RA/G/B8 not blocked) 
ag Ist Byte SHV blocks FH2 toggle (D@) 
19 
29 
960076 - 17 


twice as high as the bit clock at AO. 
As indicated by the table in Fig- 
ure 2, the bit triplets DO-D1-D2 and 
D4-D5-D6 are assigned to the primary 
colours R, G and B. The remaining 
bits, D3 and D7, 


af >) 


indicate whether 

the relevant byte represents two pixels 
or a signal (e.g., a syne pulse). Only 
when D3 and D7 are at logic 0, the 
byte is decoded as two pixels. As soon 
as D3 is set, R, G and B are blocked. 
The byte, deciphered according to the 
8-bit code in Fig. 2, then represents 
control information. Code 08, for ex- 


ample, causes a syne pulse (SHV) for 
TV as well as VGA test charts. Simi- 
larly, code 48 brings about a raster sync 
pulse (SV), also for both modes, 
The bits supplied by the EPROM 
enable the EPLD to deliver the desired 
(digital) signals at its out- 
puts: RGB, SV (V- 
sync), SHV (H- 
sync), CSC (or 
FSC, colour sub- 
carrier) and L23 
(WSS drive sig- 
nal for PALplus). 
A 530-Hz audio 
test signal is ob- 
tained from the 
All line on 
counter IC4. The 
audio signal is 
passed directly to 
the output socket 
and to the RF modu- 
lator, while the other 
output signals from 
IC1 are processed by 
the PAL encoder, IC2. 
Apart from RGB and 
Syne signals, the out- 
put of the video gener- 
ator also supplies CVBS 
(colour-video-blanking- 
sync, or composite video), and the S- 
VHS components C (chrominance) 
and Y (luminance). The UHF modu- 
lator receives the audio and CVBS sig- 
nals, and enables the video generator 
to be connected to the antenna input 
of a TV set or a video recorder. 


15% 


GENERATING 

PALPLUS 

A condition for generating a test chart 
which is suitable for checking a 
PALplus TV set is that the colour sub- 
carrier and the line frequency are re- 
lated as set out in the standards (see 
inset on the PALplus format). In ac- 
cordance with the PAL standard, the 
colour subcarrier frequency 15 
4.43361875 MHz, and the line fre- 
quency is 15,625 Hz. That gives a fre- 
quency ratio of 


4,433,618.75/15,625 = 283.7516. 
This unusual ratio is applied because 


it minimizes the risk of interference in 
the transmission of the modulated 


8.86MHz | | | | | | 


of CSC means that each line first has 
to be shortened by 360° x 0.25 =90°, or 
56ns shorter than 284 periods. The 
pulse generation is illustrated by the 
timing diagram in Figure 3. 

The line frequency (also called hor- 
izontal frequency) is divided by two to 
give FH/2 (FH2 signal), ie., 7.8125 kHz. 
The 8.86-MHz signal from quartz os- 
cillator X2 (at the top in the drawing) 
is divided by two to give the colour 
subcarrier frequency, 4.43 MHz. Dur- 
ing one clock period of the 8.86-MHz 
signal, FH2 changes the direction of 
the switching pulse edge. This effec- 
tively shortens the line duration by 
half a period of the 8.86-MHz signal, 
or a quarter period of the CSC signal. 
Now, what about the 0.0016 period per 


(age ae y 


wii Toggle CLK edge nhs 


283 x Tesco —>+ 56ns 


a ae 


283.75 xTcsc—>} = 64ys 


lines without SV 


FH2 | | | | | | 


-56ns/edge 


2nd field | 1st field 


ar 


H622. H623  H624 H625 HO001 


HOO2 HO003 HO004 


x (FH2 blocked ) 


HO0OS HO006 


| +225yUs 


RESET 


agape 2 a i ee aes a ee i ee 


difference = 225ps - (2 x 56s) = + 112ys 


1st field | 2nd field 


x x x x x 


H310 H311 H312 H313° H314 


difference = 2x 56ys = +112us 


7,.8kKHz 

FH2 
4.43MHz | | | | | | 
csc 113ns 


colour (C) and lu- 
minance (Y) com- 
ponents. In_ stu- 
dios, the above 
ratio is achieved 
with the aid of a highly complex 
syncbox. Fortunately, it may also be 
done in a simpler way,"using  pro- 
grammable [Cs, The circuit splits the 
number 283.7516 into three parts: 
284, — 0.25 and +0.0016. 0.251 period 
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line? For a com- 
plete picture of 
625 lines, this 
amount corre- 
sponds to one full 
period, or half a period (112 ns) per 
field (half-picture). The frame (full-pic- 
ture) reset (RESET) lengthens the time 
by 225 ns. If, during this time, two ad- 
ditional FH2 edges are inserted (with 
otherwise non-switching equalization 


pulses), the time is reduced to +112 ns. 
During the other field, two FH2 edges 
are suppressed, giving +112 ns also. In 
the frame, CSC is thus subject to a 
phase shift of 180° for alternate lines, 
with identical picture contents for both 
fields. 

As mentioned earlier on, the above 
satisfies an important requirement for 
the correct operation of PALplus. The 
only difference in the generation of 
this phase shift as compared with stu- 
dio-grade syncboxes lies in the fact 
that 112 ns are added in one go to two 
picture lines, instead of being equally 
distributed over all lines in each field. 
Fortunately, because the duration error 
of these two lines occurs practically 
within the pre-equalization pulses be- 
fore the raster sync pulses, no visible 
interference occurs with the line syn- 
chronisation. If this signal is used to 
trigger an oscilloscope, the otherwise 
always unstable colour burst can be 
synchronised, too. Provided you have 
a frequency meter with a 1-MHz ret- 
erence (Droitwich or DCF77 locked), 
the correct offset for PAL systems may 
be checked as follows. 

On a two-channel oscilloscope, 
channel A is set to ‘TV line’ triggering. 
On channel B, the 1-MHz reference is 
made to freeze by carefully adjusting 
trimmer C23 for the CSC signal. This 
works because 64 Us is an even-num- 
bered multiple of 1 us. A frequency 
meter calibrated with the same fre- 
quency reference should then indicate 
the CSC frequency as exactly 
4.3361875 MHz. 

It was already mentioned that the 
video generator uses a somewhat sim- 
plified PALplus encoding. Fortunately, 
a PALplus TV set will not notice the 
small errors. To begin with, the high- 
frequency component in the helper 
lines is not modulated. Apart from a 
short identification signal, these lines 
remain black. According to the stan- 
dard, the CSC reference in line 23 
should have a phase of 180°. In the 
generator, however, the colour yellow 
is used, having a phase shift of 167°. 
Fortunately, the non-black Y value 
does not cause problems. In the gen- 
eration of the WSS signal, the maxi- 
mum jitter of the 5-MHz oscillator (X1) 
amounts to some 200 ns, and can not 
be ignored. With the PALplus test 
charts, WSS is switched into place in 
line 23 in Camera mode, using the 
XINS signal (EPROM code 80h). The 
WSS signal is applied to the RGB in- 
puts of the PAL encoder, IC2, via R11 
and diodes D1, D2 and D3. 


Next month's second and final instalment 
will discuss the VGA mode and the test 
charts. Construction, test and application 
of the video generator are alse covered. 
(6076-1) 
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W: MatchBox BASIC 
- computer as data logger 


750 sampled values 
in an EEPROM 


@ 


PLT 
MATCHBOX 


P12 


Pid 
wih | > | sox @ | mc fF Too | 

16 kBIT 

EEPROM 


24164 


measurement 


CONTROL | aurFen 
iv AND ENABLE/MSA4BLE 


parameter setting 
and 


data exchange 


A data logger is a cir- 
cult which records, Electronics test and 
collects and stores measurement jobs 


particulary valued if 
you wish to record a 
series of measure- 


measured values over often mean that you 
a certain period of 
time. The MatchBox 
BASIC computer is a 
great starting point 
for such a system, 
because it only needs 
a small external A/D 
converter and a suit- 
able program. The 

_ MatchBox data logger 
__ we present here is 
capable of storing up 
to 750 measured val- 
L ues. 


1 by Dr. M. Ohsmann 


are on the road, that is, 
not in the safe and fa- 
miliar surroundings of 
the laboratory or the 
workshop. The help of 
a data logger system is 


1.50V 
1.25V f° 
1.00V 
750.00mV 
500.00mV eu Hee 
250.00mV¥ 


o.cov & 
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ments at a certain lo- 
cation, and also need 
to take the measure- 
ment values home 
with you for examina- 
tion, statistics or any 
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form of analysis using a computer. The 
data logger, usually a small and low- 
cost device, uses fixed intervals to col- 
lect a large number of measured val- 
ues in a memory. The computer is 
then able to read these values from the 
memory, and use them in a program. 

AS a matter of course, the data log- 
ger should have some intelligence to en- 
sure that the measurement procedure is 
timely initiated and correctly finished. 
Here, these functions are carried out by 
a program running on the MatchBox 
BASIC computer (Ref. 1). The program 
controls a 12-bit serial A-D (analogue-to- 
digital) converter and enters each and 
every measurement value at the right 
address in the memory. 

The measurement interval is de- 
fined beforehand in the laboratory or at 
home using, the PC and the serial in- 
terface, Because the measurement val- 
ues are stored in an EEPROM, the 
power supply may be switched off 
without problems once all samples are 
measured and collected. This obviates 
the use of a complex battery backup cir- 
cuit. 


BEFORE THE MEA- 
SUREMENT 


The extension circuit that turns the 
MatchBox BASIC computer into a data 
logger is shown in Figure 1. A 12-bit A- 
D converter with serial output is con- 
nected to the MatchBox BASIC com- 
puter via port Pl. The data logging 
process is started by pressing the 
switch connected to line P1.6. An LED, 
D1, enables the user to monitor the op- 
eration of the data logger. The PC is 
connected to the R5232 interface on 
the MatchBox BASIC computer. It es- 
sential that the MatchBox computer be 
fitted with a 16-kBit EEPROM (for ex- 
ample, an X24164 from Xicor). If not, 
you may not have enough memory 
capacity to store 750 values. 

The circuit is easily built on a small 
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Project DATLOG1.MBL 
subject: 


; 
? 
i 
; 
? 
; 
7 
? 
3 


, 
RESOURCE IIC-EEPROM 
RESOURCE 8051-IRAM 10H 


BYTE COMCHR ; 

INTEGER PTR,DUMP PTR ; 

INTEGER EEPROM T ; 

; for MAXIM conversion 
INTEGER LOG MAX,K,value,Tent ; 


INTEGER EEPROM LOG RAM[750] ; 
ON INT GOSUB LOG DATA 


P1.7:=0 ; turn on LED 
RESTART: 
PRINT( ‘”0D”0A*>’) 
TIMER(0,0) 
Tent :=0 
FORMAT(D LENGTH=0 2 U r) 
LOG MAX:=750 
WHILE P1.6=1 DO 
IF TSTC THEN 
GOSUB COMMAND 
PRINT(’"0D”0A*>’ ) 
ENDIF 
WHEND 
P1.7:=0 ; 
WHILE P1.6=0 DO 
WHEND 
Plsfz=1 33 
START LOG: 
PTR: = 
SETBITS{ INTena,TIMena)} 
TIMER(192,4800) 


turn off LED, 


PRINT({‘“OD“QASTART T=',T,’”OD”OA') ; 


WHILE TESTBITS(INTena) DO 
WHEND 
GOTO RESTART 


COMMAND: 
COM CHR: =GETC 
IF COMCHR='’T' THEN 
PREINE( “T=") 7 


T:=GETDEC 
PRINT( ‘”ODH"OAT=' ,T) 
ENDIF 


IF COMCHR='D' THEN 
PRINT( ‘DUMP, T=',T,'“OD“OA'} 
DUMP PTR:=0 ; 
WHILE DUMP PTR<T45>GMAX DO 
IF TSTC THEN 
GOTO COMMAND 
ENDIF 
PRINT({ DUMP PTR, ‘ 
DUMP PTR:=DUMP PTR+1 
WHEND 
PRINT(‘!') ; 
ENDIF 
RETURN 


LOG DATA: 

P1.7:=0 

Tont:=Tent+1 

P1.7:=1 

IF Tent>=T THEN 
P1.7:=0 
Tont:=0 
GOSUB READ MAXIM 
PRINT(PTR,’:',value,'”O0D’0A’ 
P1.7:=1 
LOG RAM[ PTR] :=value 
PTR:=PTR+1 
ENDIF 


IF PTR>LOG MAX OR P1.6=0 THEN 
PTR:=0 


Matchbox Datalogger with MAX187 


24C16 EEPROM program : about 512 bytes , 
data : 2048-512=1536 bytes = 750 integer values 
750 Values, 1 per sec -> > 12 minutes 
1 per min -> > 12h 
1 per 10 min -> > 5 days 


O800H BYTES @05000H ; 
BYTES @070H 


send the PROMPT to RS232 

stop the timer 

counts time between samples 

ok, simple decimal output 
samples run from 0,..LOG MAX 

wait for KEY-pressed 

if RS232 char then respond to it 


Sesh se se me ae te 


; send prompt again 


key is pressed, turn on LED again 
wait for key release 


neon 


logging starts 


point to first memory 

enable timer interrupt 

start the timer 

print a start message via RS232 

; while INTena is set, the datalogger is logging 


sata te 


; after logging restart with LED off 


3 execute RS232 commands 
; time set command 


} enter time between samples in seconds 
} Echo (acknowledge) 


; DUMP data command 


ry 


; any CHAR aborts dump 


*, LOG RAM[DUMP PTR],'”OD"0A’) ; 


;} this says all data is dumped 


LED on flash 


LED off flash 

time between samples over ? 

{make) long flash 

reset time between samples 

read in the AD converter 

) } printout to enable watch of LOGGING 


Ne Ne Se Ne Ne se Ne 


store value 
increment memory pointer 


see 


end of RAM or key-hit stops LOGGING 


~ 


19 


piece of stripboard, which is connected 
to the Matchbox BASIC computer via 
connector K1, The board is then built 
into a small case. This results in a 
portable data logger which is capable 
of gathering data for hours on end, all 
alone, and only powered by a battery. 

The A-D converter used is a type 
MAX187 from Maxim. It is capable of 
converting measurement values be- 
tween 0 V and 4.096 V. If you wish to 
measure other voltage levels, then an 
appropriate voltage divider or a small 
preamplifier may have to be con- 
nected at the input of the MAX187. 

The normal input voltage range is, 
however, perfect for measuring the dis- 
charging voltage of a rechargeable bat- 
tery, to mention but an example. A 
graph that indicates the results of such 
a measurement session is shown in 
Figure 2. The relevant measurement 
set up is shown in Figure 3. Samples 
were recorded at 5-second intervals. 
After about 450) times 5 seconds, or 
about 40 minutes, the voltage drops 
rapidly, indicating that the battery is 
exhausted, 

The program listed in Figure 4 is 
sent to the MatchBox BASIC computer 
using the download utility which 
comes with the MBC software. The 
operation of the program is easily un- 
ravelled by referring to the comment 
with most instructions. Once the pro- 
gram is stored in the EEPROM on the 
MatchBox board, a terminal emulation 
program (like Procomm or Hyper Ter- 
minal) may be used to communicate 
with the data logger. 

The procedure to program the in- 
terval between samples is as follows. 
Interconnect the PC and the MatchBox 
BASIC computer via the respective se- 
rial interfaces, then start the MatchBox. 
The data logger program should re- 
port with the *> prompt. Next, type T 
and then the number of seconds (0 to 
30,000) which should elapse between 
the sampling instants. The data logger 
should then report again with its *> 
prompt. 


LOGGING AND READING 
To actually record measurement val- 
ues, the PC is disconnected from the 
data logger. If you wish, you may 
switch off the MatchBox supply. Be- 
cause the previously entered mea- 
surement interval is stored in EEP- 
ROM, this information is not lost. 
Next, you connect the measurement 
input of the data logger to the signal 
to be measured, and power up the 
MatchBox computer. LED D1 will 
light. Press S1 to start the measuring 
process. The data logger starts to 
record measured values as soon as you 
release the presskey. LED D1 lights 
briefly at a rate of about 1 Hz, and a lit- 
tle longer during the actual measure- 
ment. It goes out after all 750 mea- 
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CLEARBITS({ INTena) 

ENDIF 
CLEARBITS(TIMint) 
IRETURN 


subroutine reads 
the MAX187: 


The following 
connection of 


: MAX187 CLOCK 
: Maxl87 CS 
: MAX187 DOUT 


’ 

S| Falck 
: P10 
3 Plw.2 
7 

READ MAXIM: 
P1..¢=1 
Pl.1:=0 
P1l.2:=1 
P1.0:=0 


7; stop DATA logging 


3} signalise end of interrupt 


the MAXIM 187 12-Bit AD converter 


; cs 


} set clock line LOW 


; we want port as input pin 


; CS active 


; the MAX187 is fast, so we need not wait 


;WHILE P1.2=0 DO 

3} WHEND 

Pl1.1:=1 

value:=0 

K:=11 ; 

WHILE K>=0 DO 
P1.1:=0 
value:={value SHL 1)+P1.2 
P1.1:=1 
K:=K-1 ; 

WHEND ; 

RETURN 


END 


surements have been made. You may 
then switch off the MatchBox and take 
it back to the PC to enable the col- 
lected data to be read out. 

The data logging operation may be 
re-started any time simply by pressing 
SL. While the data logger is measuring, 
it also transmits the currently read 
value via the serial interface. 

Once reconnected to the PC, you 
start the MatchBox BASIC computer 
again. The unit should report with the 
*> prompt. Transmit the character D 
(for Dump) from the PC. The Match- 
Box will respond by returning all pre- 
viously recorded data as illustrated by 
the example shown in Figure 5. The 
first line tells you the timing interval at 
which samples were captured. Then 
follow 751 lines, all containing mea- 
surement values. In the rechargeable 
battery example, the initial voltage 
(found in line 0) was 1,223 mV, while 
the final voltage (751st measurement 
result) was 46 mV. First, the number of 
the measurement is produced, then 
the measured value. 


} wait for MAX187-OUT line to become HIGH 


; clock 


; value holds the MAX conversion result 


; read 12 bits 


+ clock goes low 
; shift in the bit 
; clock goes high again 


Measured values are in millivolts 
(mV). In the last line, the exclamation 
mark (!) marks the end of the mea- 
surement values. Using the terminal 
program running on the PC, these val- 
ues may be stored in a file for pro- 


cessing later. 


PROGRAM DESCRIPTION 
The program that turns the MatchBox 
into a data logger is shown in Figure 4. 
It is not too long, and easily entered by 
typing it in. Store the program as an 
ASCII file on your PC. Unfortunately, 
the program is not available on disk 


through our Readers Services. 


A few points may be noted about 
the program. The timing of the sam- 
pling process is arranged by the inter- 
nal MatchBox timer, which is pro- 
grammed (in lines 28 and 45) to gen- 
erate an interrupt every second. The 
relevant MatchBox interrupt is enabled 
by line 44, so that the interrupt routine 
in lines 73 to 92 is selected once every 


second during the logging process. 


The program may be modified in 
many ways to suit individual require- 
ments. You may, for example, decide 
to use the FC compatible type 
PCF9591 A-D converter to enable data 
to be captured on four channels at a 
resolution of eight bits. The program 
should require only minor modifica- 
tions to support this component. The 
procedure which reads data from the 
MAX187 may, of course, also be used 
for other MatchBox projects in which 


a 12-bit A-D converter is applied. 


(960063) 


Reference: 


1. MatchBox BASIC computer, Elektor 
Electronics October, November, De- 


cember 1995. 
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Infra-red remotely 
controlled equip- 
ment is provided ‘ 


mode in which it re- 
mains ready to op- 
2 erate at a simple 

command of a partic- 
ular button on the re- 
-mote control unit. In 
this mode, older tele- 
- vision receivers can 
dissipate 20 W or 
more! The add-on 
_- switch described in 

this article can bring 
this figure down to 
about 1.5 W. It is sim- 
__ ply inserted in the 
. Cable between the 
mains outlet and the 
‘equipment and oper- 
ated by the existing 
infra-red remote con- 
trol unit. 


Design by U. Reiser 
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4 
with a standby 4 


6 


standby uni 


4 


for TV econom 


"add -on switch 


for older TV receivers 


If you are looking at new television re- 
ceivers in the shops, you will probably 
notice that current models have a lower 
standby energy drain than their prede- 
cessors. Depending on the particular 
make, it varies between 3 W and 6 W. 
This is, no doubt, due to the many rec- 
ommendations the Consumer Associa- 
tion has been making to the television 
industry over the past ten years or so. 
After all, this kind of wasted energy in 
a single household does not really 
amount to much, but the sum total in 
the United Kingdom must be colossal. 
There are several ways of reducing 
this waste. You can finally do away 
with your old set and get a modern 
one. Or you can switch the set off com- 
pletely after use. Or you can build the 
add-on switch described in this article, 
which, by pressing the standby button 
on the remote control unit isolates the 
set from the mains. Pressing any other 
button on the remote control unit 
switches the receiver on again. It 
should be borne in mind, however, that 
the circuit works only with infra-red re- 
mote control units that operate with the 
RC5 code or the older RESC80 code. 


INFRA-RED RECEIVER 
The circuit for the reception and de- 
coding of the infra-red signals is very 
similar to that used in ‘Infra-red con- 
trolled dimmer’ published in the Feb- 
ruary 1995 issue of Elektor Electronics— 
see Figure 1. 

The internal photodiode of IC; in- 
tercepts the infra-red signal from the 
remote control unit. The low-noise am- 
plifier raises the signal to the level 
needed for further processing. The op- 
erating point of the amplifier is con- 
trolled by a current source, which also 
blanks out low-frequency signals. 

The high immunity to interference 
of the Ic is achieved by a bandpass fil- 
ter tuned to the signal frequency. 

After it has been amplitude-limited, 
the signal is demodulated and made 
available as serial information at the 
buffered output of the Ic. 

Network Ry-C; decouples the sup- 
ply voltage with respect to the re- 
mainder of the circuit. 

When its pin 11 is high, IC, decodes 
pulse-width modulated RESC80-coded 
signals; when this pin is low, the circuit 
decodes biphase-modulated RC5- 
coded signals appearing at the output 
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SFH506 
SFH5054 
1S1U60 


r 
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of the infra-red receiver. In the decod- 
ing, a distinction is made between 
command data bits C;-Cg and system 
addresses S4-Sp (for details, see box). 
Circuit IC; can operate in two 
modes: Single System and Combined 
System. In the combined-system mode 
(pin 19 low), a received system address 
is output at pins Ag-Ay. When pin 19 
is high, as in the present circuit, the Ic 
works in the single-system mode. Pins 
Ag-Aq can then be used as inputs that 
may be programmed with jumpers. If 
the received address accords with that 
set with 5), 15 ms long pulses (one for 
each data word) appear at pin 19. 
These pulses are converted by net- 
work T,-T3-Rg-C; into a continuous, 
low signal, which enables IC and is 
, also applied to the switching circuit 
Figure 2) via Kj. 
+. The frequency of the clock oscilla- 
stor on board IC) is determined by 
stal Xi. 
Power-up network R3-C>-D, sets all 
ata and address outputs simultane- 
sly to high after the supply has been 
switched on. 
¥ The command code appears at out- 
ts A-F. Since the standby switch 
lust be turned off only with the 
idby button on the remote control 
tthe command code must be pre- 
ed by a data selection. This is 
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swiava 
pws 


achieved with 8-bit comparator IC3. If 
the word input at pins Pp-P5 accords 
with the code set at Qo-Qs with S3, 
output P=Q goes low, which drives 
the switching circuit (Figure 2) via Kj. 
All this functions only, of course, when 
the signal at the ca pin of IC; enables 
the comparator. 


SWITCHING STAGE 

Two signals are applied to the switch- 
ing circuit via K;: the enabling signal 
from IC), which indicates a correctly 
received equipment address, and the 
signal from the comparator which in- 
dicates that the equipment address ac- 
cords with command code ‘standby’. 

The switching stage in Figure 2 
evaluates the two signals that are used 
to drive bistable IC5),, which holds the 
current state of the circuit until a new 
command is given with the remote 
control unit. 

The output of the bistable is ap- 
plied to relay Re; via buffer Ty. The 
relay connects the television receiver 
to, or disconnects it from, the mains, as 
the case may be. 

For the television receiver to be 
switched off, both the address code 
and the command code must accord 
with the set address, whereas for it to 
be switched on again, the address code 
and a random command from the re- 
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mote control unit suffice. 

The requisite logic circuits consist of 
the gates in ICy, which together form 
a Schmitt trigger/inverter that converts 
the negative pulses (both those at cA 
in IC, and P=Q in IC;3), delay network 
Ryo-Co, and bistable [C.,. The delay 
network ensures that inputs J and K of 
the bistable have a defined level before 
the clock pulses are applied. Each and 
every operation of the buttons on the 
remote control unit results in a leading 
edge at the C(lock) input of the 
bistable. Provided that the levels at the 
set input (permanently to earth) and 
the reset input (after power-up also at 
earth potential) are equal, then, ac- 
cording to the level at inputs J and K, 
the bistable effects an action as shown 
in Table 1. 

It is possible to choose between two 


Logic table of the 4027 
Q before] Q after 


oe ad ti CLK | CLK 

EP co) Thee k (0) 1 
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RIS 
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BC547B 


IC4 = 4093 
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switching characteristics of the Tv re- 
ceiver by changing over jumper JP>. If 
this is in the upper position, so that the 
J input of the bistable is connected to 
the clock, pressing any button (except 
standby) on the remote control unit 
causes the output of the bistable to go 
high, whereupon the relay is ener- 


Riz 


ci (4) (16) 5Vv 
Ica 1C5 
100n (7) (e) c10 
ip |63V 
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gized so that the television receiver is 
switched on. If in this condition the 
standby button is pressed, the output 
of the bistable changes state and the 
relay is deactuated, so that the televi- 
sion set is switched off. 

When the jumper is in the lower 
position, the levels at the J and K in- 


T6V312V5 


5V 


puts of the bistable are always mutu- 
ally inverse, so that pressing the 
standby button always causes the TV 
receiver to be switched off, whereas 
pressing any other button on the re- 
mote control unit always causes the 
set to be switched on. 

It is clear from the foregoing that 


Codes for equipment and commands 


See Address 
1 24 81632 (S1) S4-So 
0 00000 
1 00007 
2 00010 
3 00011 
4 00700 
5 001017 
6 00110 
7 00111 
8 07000 
9 01001 
10 01010 
17 o1017 
12 01100 
13 011017 
14 01110 
16 o1111 
16 10000 
17 10001 
168421 960063 - 14 18 10010 
‘ = mae 19 10017 
20 10100 
vane i citi 21 10101 
SB SPS als 22 10110 
| | | [s4]s3}s2{s1]sof csfcal caf ca] ci}co 23° «10111 
ah atoen wl — 24 ~~ 11000 
controt bit 25 11007 
26 11070 

=a 27-31 
scan time 
po data word time = 14 bit times oe (S2) 
910137 - 14 12 
61 


Equipment Remarks 
v1 TV receiver 7 
V2 TV receiver 2 
VIX teletext 

extension for TV1 and TV2 
LV laser-vision 
VCR1 video recorder 1 
VCR2 video recorder 2 

for experimentation 
SAT? satellite TV receiver 7 

extension for VCR1 and VCR2 
SAT2 satellite TV receiver 2 

for experimentation 
CD-video CD-video player 

for experimentation 
CD-photo CD-photo player 

for experimentation 
Preamp1 audio preamplitier 7 
Tuner receiver/tuner 
Rec 1 analogue recorder 
Preamp 2 audio preamplifier 2 
CD player CD player 
Combi audio/recording system 
SAT Satellite audio receiver 
Rec 2 digital recorder 

for experimentation 

for experimentation 
CDR writable CD 

for experimentation 
C5-Co Command 
0-9 
001100 Standby 
1171107 System standby 
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the jumper should be 
placed in the position 
that accords with the 
switching characteris- 
tics of the TV receiver. 

The circuit based on 
T, drives Dy in the receiver/decoder 
section. This LED flashes when an 
equipment address is received cor- 
rectly. 
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The conventional 
power supply (see Fig- 
ure 2) provides a +5 V 
power line. In the qui- 
escent state, the 
standby unit draws a 
current of only 9 mA, Note, however, 
that the short-circuit-proof mains 
transformer has a dissipation of 0.9-1.3 
Ww. 


In normal operation, the current 
drain increases by some 40 mA, mainly 
because of the relay. 

The relay contacts are protected by 
fuse F,, so that, in case of a short-cir- 
cuit in the Tv set, the relay contacts do 
not burn out. The fuse must, of course, 
be matched to the current drawn by 
the rv receiver. If desired, the fuse may 
be replaced by a thermal switch, 


SFHS05A 
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which, unlike a fuse, does not have to 
be replaced after a short-circuit in the 
TV set. 


CONSTRUCTION 

The standby unit is best built on the 
printed-circuit board shown in Fig- 
ure 3. This board should be cut into 
two to provide a section for the re- 
ceiver/decoder circuit and another for 
the switching circuit (and power sup- 
ply). 

It is advisable to use sockets for the 
various Ics, except the voltage regula- 
tor). 

Multiple electronic bir switches $, 
and S> are 5-position and 6-position 
versions respectively, but the board 
has space for (more easily obtainable) 
8-position versions. The devices 
should be located as shown in the in- 
troductory photograph. Each switch 
section provides a logic 1 when its 
lever is in the ON position — the LsB is 
always at the right of the device. 

If the standby unit is intended to 
control one equipment only, the pir 
switches may be replaced by relevant 
wire bridges. Since both switches are 
provided with pull-up resistors, a 
closed switch or, as the case may be, a 
wire bridge signifies a logic 0 at the 
input. 

The standby unit should preferably 
be fitted in the plug-in psu box speci- 
fied in the parts list. Particular atten- 
tion should be paid to the insulation of 
the various interconnecting wires, 
which can be clearly seen in the intro- 
ductory photograph. 

The receiver/encoder board and the 
switching board must be sandwiched 
together with the aid of non-metal 
screws, nuts and spacers of suitable 
length, 
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CALIBRATION 


For the calibration, a multimeter and a 
logic probe are required. When IC, 
senses an infra-red signal, its output 
shows a definite level, so that the col- 
lector of T, is low. When both ad- 
dresses have been set correctly, press- 
ing the standby button on the remote 
control unit should result in pin 19 of 
IC; going low. Trace the two signals 
from the input up to the relay. 

If the delay between the clock and 
the J input of bistable IC; is insuffi- 
cient, increase the value of Cy to 
330 nF. This aids the stability of the 
data transfer, but also makes it neces- 
sary for the remote control buttons to 
be pressed (relatively) rather longer. 

Note that, owing to safety regula- 
tions, the LED and IC, must NoT pro- 
trude through the enclosure, but must 
be covered by a small sheet of perspex 
fixed inside the case. 

Needless to say, since the unit car- 
ries mains voltage, great care must be 
taken in its construction and assembly. 


USAGE 

When everything works correctly, the 
boards have been screwed into place, 
IC, has been bent as shown in the 
photograph, the enclosure may be 
closed and the standby unit is ready 
for use. 


|Yent6s) 


for instance, Bangladesh the average 


In passing . 


Sometimes you wonder how manuft 
turers can produce certain items foi 
prices charged in the shops and si 
For instance, our technical depar 
may be struggling to design, say, a di 
tal thermometer, whose specification 
stipulates that the total of its parts 
must not cost more than £ 15. Ther 
out shopping one Saturday or Sun 
you see a ready-made digital therm 
ter in a shop for £ 8-95. How is it — 
done? All designers know that for th 
kind of money you can just about buy 
the display and the associated contre 
IC from your usual retailer or meh 
order firm. 
Of course, it is not just ihe 
price of the item, there’s also the f 
and satisfaction in making it yours: 
And in the end, of course, you make. 
much better thermometer than that 
cheap thing in the shop. If you ever 
open such a cheap item, you immedi 
ately see all the shortcuts used in 
making. A flimsy board; no ic sockets, 
and if you press rather too hard agai, 
the display, its digits may disap, 
But some prices are really o1 
of this world. A little while ago, @ 
large mail order firm offered in an 
vertisement an electric sander for 
£ 6-25. If you deduct the vat and the 
(small?) profit, you ask yourself how. 
anybody can make such an item for 
only a few pounds. OK, it was pr 
made in a third-world country wh 
people (are made to) work for next 
nothing. It is depressing to read tha 


annual family income is $50.00! 

These low prices are not only 
social problem, but they also 
the environment. After all, next time 
my sander (which originally cost 
£ 27-95) breaks down, I will not, 
of having it repaired — I'll put it on 
scrap heap, which gets bigger and big 
ger, and buy a new one for £ 6:25, 
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As described else- 
where in this issue, 
lithium-ion batteries are 
among the newest on 
the market. Because of 
their low weight, how- 
ever, they are particu- 
_ larly suitable for use in 
~- small portable comput- 
ers and mobile tele- 
phones. Owing to 
some of their proper- 
ties, these batteries 
are, however, not com- 
patible with current- 
generation chargers for 
NiCd and NiMH batter- 
ies. Several special ics 
are already on the 
market.. In this article, 
the Type LM3420-xxx 
charging controller 
from National Semi- 
conductor is de- 
scribed. 


Based ona 
onal Semiconductor application 
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Li* (coke) 


Li* (graphite) 


Ni-based cells 


0% % of Discharge 


100% 
Ni:EMH-series 
Lit (coke): Sony 18650 
Lit(graphite): Sanyo 1865 


Some pundits in the electrochemical 
industry reckon that over the next few 
years lithium-ion (Li-ion) batteries may 
well gradually replace nickel-cadmium 
(NiCd) and nickel-metal-hydride 
(NiMH) batteries. Currently, these new 
batteries are still three to four times as 
expensive as NiCd and NiMH sys- 
tems. Nevertheless, because of their 
high energy density, good charge re- 
tention, and lower weight than NiCd 
batteries, they have already started to 
find their way into the more sophisti- 
cated laptop computers and mobile 
telephones. 

The current generation of Li-ion 
batteries are claimed to have a life of 
1200 cycles, a self-discharge factor of 

% per month (compared with 15% in 
NiCd and 25% in NiMH systems), and 
an energy density of 90- 125 Wh kg"! 
or 210-250 Whdm-3, which is 3-4 
times better than that of NiCd batter- 
ies, A claimed environmental advan- 
tage of the new batteries is their use of 
a non-aqueous liquid electrolyte of 
lithium salt dissolved in an organic sol- 
vent mixture, 


CHARGING PROCESS 
Li-ion battery systems must be charged 
in a quite different way from other 
types of secondary battery, Fortunately, 
the discharge curve of Li-ion batteries 
is rather steeper than that of NiCd and 
NiMH batteries, which makes it possi- 
ble for a clear relationship between ter- 
minal voltage and state of charge to be 
established—see Figure 1. The e.m.f. of 
a fully charge Li-ion battery (with pe- 
troleum-coke anode, currently the 
most frequently used anode material) 
is 4.2 V. Up to this voltage, the battery 
is charged with constant current at the 
1C rate. When that potential is reached, 
charging changes to constant voltage 
and gradually reducing current. The 
constant voltage must be within +1% 
of the e.m.f. Lf this condition is not met, 
the battery will not become fully 
charged and thus not attain its full ca- 
pacity. 

This strict requirement makes 
charging control essential. Currently, 
very suitable controllers are the 
LM3420-4.2, LM3420-8.2. and 
LM3420-12.6 from National Semicon- 
ductor. The numbers following the hy- 
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LM3420 Functional Diagram 


(-V] NO g 75k tor a.2¥ 
18th for #.4¥ 
TMA 12950-2 2B7h tor 12.6N 


phen indicate the e.m.f. 
of the battery they 
should be used with. 
These integrated cir- 
cuits are available in two versions: A, 
which guarantees a tolerance of the 
charging, voltage of 0.5 per cent at 
25 °C and 1 per cent over the temper- 
ature range; and B, which ensures tol- 
erances twice those of the A version. 
They are housed in 5-pin SOT-23 cases 
and are, therefore, eminently suitable 


Typical values 


Input voltage, Vj, 

Output current, Ip 
Dissipation, P 

Ambient temperature range 
Junction temperature 


Electrical characteristics of LM3420A-xxx (7; = 


5-Lead Small Outline Package (M5) 


Top View 
+N Ey Actual Size 
GNO 2 C 
’ 3 ‘4 COMP TLIH/ 12359-4 
TUH/12389-3 


*No internal connection, but should be soldered 
to PC board for best heat transfer. 


S6N0G2-12 


for inclusion in intelligent 
battery systems. 

The tiny enclosure 
of the LM3420-xxx shown 
in Figure 2 contains a compensated 
operational amplifier, a bandgap ref- 
erence voltage source, an n-p-n output 
driver transistor and a temperature- 
compensated potential divider. 

The output of the open-emitter 
transistor can provide a current of up 
to 15 mA, 


The — in- 
verting input of 
the op amp, 
coMP, may be 

20V (max) driven by an ex- 
15 mA (20 mA max) ternal frequency 
300 mW compensation 

—40 °C to +85 °C circuit. 
-40 °C to +125 °C The | bal- 


(150 °C max) 


anced precision 
voltage source 


25 C, VIN] = VreG Vout =\7.5 V) 


compensates for the temperature drift 
of the device to ensure tolerances of 
the charging voltage of (0.5 per cent or 
1 per cent, depending on the version 
of the device. 

The LM3420-xxx is a shunt regula- 
tor, normally fitted in the negative 
feedback loop in the charger, where it 
carries out both reference and control 
functions. 

The regulated voltage at the battery 
terminals is measured between inputs 
IN and GND. If the measured voltage is 
lower than the nominal potential, Ve, 
the OuT(put) pin does not provide cur- 
rent. Current will only be provided 
when the potential at the IN pin 
reaches the nominal value. 

The output current may be used to 
drive a device in the feedback loop, 
such as an optoisolator, or a power de- 
vice such as a linear or shunt regulator 
which holds the output voltage at the 
nominal level. 

In some applications, even under 
normal operating conditions, the po- 
tential at the IN pin may be higher 
than the nominal value, but it must 
never exceed the maximum level of 
20 ¥. Additional external current limit- 
ing may be used to restrict the current 
from the out(put) pin to a maximum 
value of 20 mA. 

The external capacitor between the 
COMP and OL? pins stabilizes the charg- 
ing control circuit and should have a 
value of 0.01-0.1 wE 

The nominal voltage of the 
LM3420-xxx may be reduced by con- 


Parameter Conditions Typ. Max. 
| [-4.2A, loyy =1 mA 4.179 4.2 4.221 V 
-8.4A, loyy =1 MA 8.358 | 84 8.442 |V 
"12.6A, lgyr =1 mA 12.537 |126 |1266 |v | 
Vreg Nominal voltage = —- 
| -4.2A, lou, = 1 mA, full temp. range 4.158 | 4.20 4.242 |V 
8.44, lout = 1 MA, full temp. range a3ie | 8.4 3.484 |V 
| -12.6A, loyr = 1 mA, full temp. range 12.474 |126 |12726 |v | 
- VREG tolerance four = 1 mA “fi 05 1.0 % 
te Quiescent current flour = 1 MA 85 110 WA | 
Gr, Transconductance Alou! AVeeG an = eee — — _ sill 
lou = 1...15 MA, Voyr = 2V 3.0 6.0 mAimV 
As Voltage amplification Your = 1V... Vpgg-1-2 V), Ri = 200 £2 | 550 1000 vv 
| AVour! AVREG Vour = 1V... Vaeg-1.2 V), Ry = 2kQ 1500 3500 viv 
'Vsar | Output saturation “| VIN) = Vaeg + 100 mV. Ioyr = 15 mA - 1.0 1.2 Vv 
kh “Output leakage current V(IN) = Vpeg - 100 mv Vout = OV _ 0.1 0.5 LA 
fot ll 4.2 / a 56 75 94 kQ 
Ry Internal feedback resistance 84 135 181 ~=—«| 227 ka 
12.6 215 = |2a7, «(359 kD 
i [four = 1 MA, f = 10 Hz...10 kHz, -4.2 70 ~—uVams 
Ep Output noise tevel [four = 1A, f = 10 Hz...10 kHz, -8.4 a or 
loyr = 1 mA, f = 10 Hz...10 kHz, -16.8 : - 210 paws 
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Heat Sink 


Input 
Voltage 


+13 to 
+20V 


4 necting an external resistor, R.<, be- 
tween the COMP and GND pins, or in- 
creased by connecting a resistor R., be- 
tween COMP and IN. In this way, the 
nominal voltage may be altered by 
+10 per cent, disregarding the effect 
of drift caused by temperature 
changes. The value of the resistors 
(in 02) is given by 


LM3420-xxx 
Reg =[53x109/(U,/ Up-1 )|-75x103 
Rey = 22x103/Ug/ U,-1) 


LM3420-8.4 
Reg =[154x103(U,/ Up-1)H181x103 
R., = 26x103/U,/U,-1) 


| LM3420-12.6 
| Reg =[259x103/(U,/ Up-1)|-287%108 
Re, = 28x103/U,/Uy-1) 


where LU, is the output voltage and LU, 
the nominal voltage. 


APPLICATIONS 
‘Two typical applications will be looked 
at in some detail. The first is a constant 


1A charge 
current 


360C9S13 


current/constant voltage regulator and 
the second is a shunt regulator based 
on an LM2575ADJ, which was re- 
viewed in this magazine as long ago as 
October 1991. 

The circuit in Figure 3, which oper- 
ates with 13-20 V charging voltages, is 
intended to charge an LM3420-8.4 bat- 
tery with a constant current of 1 A. At 
the start of the charging process, when 
the battery e.m.f. is lower than 8.4 V, 
the output of the LM3420-8.4 does not 
provide drive for transistor Q5. Since 
the transistor is then cut off, the Type 
LM317T variable, linear regulator func- 
tions as a constant-current source. The 
voltage regulator provides a drop of 
1.25 V across R, ,,, so that the constant 
current, I; yy = 1.25/R, 4. 

Transistor Q, breaks the link be- 
tween the battery and the LM3420-8.4, 
so preventing the battery being dis- 
charged (at a current of 84 A) via the 
charging controller 

When charging takes place, the 
transistor is driven into saturation, so 
that the collector-emitter voltage, U.,; 
is only 5 mV. 


R3 12k 1% 


1N4148 = 
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Diode D, has a similar function: it 
prevents a current flowing from the 
battery through the voltage regulator — 
The total reverse current is well below 
1pA. 

When the battery is being charged, 
its e.m.f., monitored at the IN pin of the 


LM3420-8.4, rises gradually. The charg- 


ing controller reacts when the e.m.f. 
reaches 8.4 V by providing a current to 
the base of Q. This transistor begins 
to conduct and 
controls the poten- 
tial at the AD} pin of 
the LM317. The- 
regulator then 
holds the e.m-f. at a 
level of 8.4 V, while the current is 
adapted to the state of charge. When 
the battery reaches its nominal capac- 
ity, the current has dropped to a very 
low level. 

The shunt regulator circuit in Fig- 
ure 4, which operates with charging 
voltages of 11-30 V, also provides a vir- 
tually constant current until the bat-' 


tery e.m.f. has been reached, upon 


which it switches to constant-voltage 
operation. It consists of two discrete 
feedback branches that are combined 
at the FB pin of the regulator. 

The charging current is sensed by a 
0.1 Q shunt resistor. The resulting volt- 
age drop across the resistor is magni- 
fied by differential amplifier IC; and 
applied to the feedback input of the 
LM2575 via D2. The amplifier is 
arranged so that the charging current: 
cannot exceed 1 A, 

The battery e.m.f. is monitored by 
the LM3420-8.4 directly at the battery 
terminals. As long as this voltage is 
lower than 8.4 V, the output transistor 
is cut off, so that the regulator has no 
effect at the FB input. As in the earlier 
example, this situation changes when 
the e.m.f. reaches 8.4 V: the voltage re- 
mains constant, while the current 
gradually drops to zero, | 

Since the efficiency is very good — 
80 per cent — the small dissipation in 
the regulator does not need a heat 
sink. 

(960099) 


References: 


Data sheet ‘LM3420-4.2, LM3420-8.4, 
LM3420-12.6 Lithium-Ion Battery 
Charge Controller’; National Semi- 
conductor, March 1996, 


“LM3429 Lithium-Ion Battery Charge 
Controller Applications’; National 
Semiconductor. 


Although the 
-.- human eye is un- 
_able to detect infrared 
— light, this kind of light 
is emitted by many 
apparatus around us 
in everyday life. Ina 
number of cases it 
~. may be useful or in- 
_ teresting to be able to 
detect and prove the 
_ presence of infrared 
_ light. The present cir- 
cuit is perfect for that 
purpose. It is based 
on a special inte- 
grated circuit which 
contains an IR irradi- 
ance to frequency 
converter. In other 
words, the con- 
verter’s output fre- 
- quency provides an 
indication of the mea- 
ured light intensity. A 
very handy and sim- 
3 ple circuit! 


Design by K. Schonhof 
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The human eye is a marvellous exam- 
ple of biophysical ingenuity. With the 
help of dedicated brain sections, light 
beams perceived by our eyes are trans- 
lated into colours and images. The 
exact operation of this process is quite 
complex, and explanations with vari- 
ous levels of difficulty may be found 
in biology textbooks. The fact that mat- 
ters to us is that colours are perceived 
because objects reflect light with cer- 
tain wavelengths only. The colour red, 
for example, is caused by light with a 
wavelength of about 700nm 
(1 nm =10-? m), and blue, by light with 
a wavelength of about 400 nm. These 
two wavelengths are, roughly, the 
bounds of the spectrum which is visi- 
ble to the human eye. 

The sun and many other light 
sources in and around the home also 
produce light with a wavelength 
which is outside the 400-700 nm spec- 
trum that can be seen by the human 
eye. Infrared light, for example, with a 
wavelength of about 1,000 nm, is fre- 
quently used for all kinds of remote 
control, as well as for cordless links be- 
tween computers and peripheral de- 
vices like printers. Other sources of ‘in- 
visible’ infrared light include bulbs and 
tube lighting. The laser in your CD 
player, too, emits light which is in the 
near-infrared range (approx. 780 nm). 

Checking the operation of a faulty 
or at least suspect remote control is not 
so simple because you can not see the 
light the unit is supposed to emit. In 
such cases, the infrared detector de- 


scribed here may prove a very useful 
test device. The circuit consists of just 
five components plus a battery and a 
switch. 


LIGHT INTENSITY TO 
FREQUENCY CONVER- 
SION 


How is infrared light detected? Well, a 
number of semiconductor manufac- 
turers supply sensors with a window 
that passes light with a certain wave- 
length only. Here, a sensor is applied 
which responds to infrared light with 
a wavelength of 900 nm. The sensor, a 
type TSL245 from Texas Instruments, 
also converts the measured light in- 
tensity (irradiance) into a frequency 
which is within the audible range. A 
simple buzzer enables this frequency 
to be actually heard. The frequency of 
the tone you hear is an indication of 
the measured light intensity: the tone 
becomes higher as the measured in- 
tensity increases, and lower as the IR 
light intensity drops. 


PRACTICAL CIRCUIT 

The full circuit of the simple infrared 
detector is shown in Figure 1, The only 
active component is the TSL245, which 
contains the above mentioned inten- 
sity to frequency converter. Pins 1 and 
2 of the sensor are connected to the 
supply voltage. Here, a pair of 1.5-volt 
batteries is used to power the circuit. 
Switch $1 acts as the on/off switch — 
if battery economy is an issue, then the 
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TSL245 


We 


TSL245 


switch may be replaced by a push-but- 
ton. The output of the sensor, pin 3, 
produces the audible frequency. It is 
connected to a piezo buzzer via a re- 
| sistor and a capacitor. The capacitor, 
Cl, prevents direct current flow 
through the buzzer, while the resistor, 
R1, suppresses oscillation tendencies at 
| the output of the IC, The only re- 
maining capacitor in the circuit, C2, 
serves to decouple the supply line for 
| RF signals. 
| Current consumption of the circuit 
| 


is a modest 4.5 mA. That allows a pair 
of batteries to be used for a long time, 
provided, of course, you do not forget 
to switch off the detector when it is 
not used. 


| CONSTRUCTION 

' The circuit is so simple that it is really 
| a waste of time and materials to design 
and etch a printed circuit board. The 
easiest way to build the detector is 
probably inside a small enclosure 
which has room for the buzzer and the 
batteries. Drill a hole in the case where 
the buzzer is fitted, and another hole 
for the sensor lens in the front panel. 
Another hole is required for the on/off 
switch. Having secured the sensor and 
the buzzer with a drop of glue, the 
three other components may be sol- 
dered to the relevant terminals. Al- 
though they are fitted ‘in the air’, the 
solder joints will give these parts suf- 
ficient support. Next, use short lengths 
of light-duty wire for the supply con- 
nections inside the case. Fit the batter- 


] 
] 
| 
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© TLE.. 
—— GND 

duty factor = 50% 

DC level = 0.5V+ 


$1 


lmax= 4mAS 


960067 - 11 


ies, and the infrared detector is ready 
for use. 


SOMETHING WRONG? 
If the circuit does not work spot-on, 
there is, fortunately, not much to con- 
tend with or investigate to solve the 
problem. After all, there are only four 
components! 

Start by checking all connections, 
and make sure the sensor is connected 
the right way around. 


If everything appears to be all right, 
measure the supply voltage acro 
pins 1 and 2 of the sensor (switch 
closed). This voltage must equal the: 
battery voltage (approx. 3 V). 

If the voltage is present, two things 
may be wrong: either the sensor or the: 
buzzer is defective. The latter may be 
replaced by a crystal earpiece for a 
short test. If you still do not hear a 
tone, the sensor is likely to have ‘died’ 
from overheating. 


PRACTICAL USE 
The infrared detec 
tor is simple to use. 
Direct the sensor 


source of infrared 
light, and close the 
switch, A tone will 
be audible if the 
source emits istutiared light. Infrared re- 
mote controls may be tested by hold-. 
ing the detector in front of the control 
and then pressing a key. The modula- 
tion is audible as a kind of rattle. Bulbs 
and fluorescent lighting, too, produce © 
infrared waves. If you hold the detec- 
tor between a computer and a printer — 
which communicate via an [RDa link, 

you can hear the bits whooshing: past 
when a printing job is in progress. 
(960067) 
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__ tively low rating, 
tweeters (high-fre- 


h, the risk of 
1e tweeters being 
amaged irreparably 
is high. Such an im- 
petuous and costly 
mistake, can, how- 
ever, be avoided in 
two different ways. 
The first is to curb 
your desire to turn up 
e volume to levels 
at the loudspeakers 
cannot handle. The 
cond is to build the 
power limiter pre- 
sented in this arti- 
cle...it’s much safer 
é controlling your- 
elf when you're ad- 


‘our beloved audio 
| system. 


Design by T. Giesberts 


Owing to their rela- 


a.f. power limiter 


protects tweeter 


There will be many readers who, 
after reading the introduction to this 
article, will say that this does not con- 
cern them. They have a 100 W am- 
plifier and the loudspeakers are also 
rated at 100 W. So, nothing can go 
wrong. Really? 

Unfortunately, things can go 
wrong, since the rating given by the 
loudspeaker manufacturers is true 
only for average music signals. In ar- 
riving at this rating, account is taken 
of the fact that the energy contained 
in music signals is strongly dependent 
on frequency. Of the power delivered 
by the output amplifiers roughly 75 
per cent is applied to the woofers 
(low-frequency loudspeakers), 25 per 
cent to the mid-frequency loudspeak- 
ers, and only 5 per cent to the tweet- 
ers. This means that of the power out- 
put of 100 W only about 5 W is ap- 
plied to the tweeters. 

Equally unfortunately, not all music 
signals are average. For in-stance, in the 
case of synthesizer music it can happen 
that a sudden burst of high-frequency 
music is produced, which at that in- 
stant contains more than half the total 
emitted energy. This means in this ex- 


ample that some 50-60 W of music 
power is applied to the tweeters instead 
of the average 5 W. Many tweeters just 
cannot cope with this sort of power. 
There is yet another aspect con- 
cerning the specified rating of tweet- 
ers, Although in the case of woofers 
and mid-frequency speakers th 
rating is given by the mg 
this is not so in the cage 
For these units, the’$pe 
applies only if th 
cross-over filtegf 
tion, it appears 
50 W applies 
used with a 2 
with a cut-o 
however, th 
2000 Hz, the 
Without a fi 


since, at lo 
aphragm has to 
tance and twee 
signed for this. Neverthe 
show that loudspeaker, 
should be well aware of 
are specified. 
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FUSE OR ZENERDIODE? 
The question that arises in view of the 
foregoing is how the tweeters can be 
protected effectively. 

The simplest way is merely to con- 
nect a fuse in series with the tweeters. 
However, this gives only a limited de- 
gree of protection, and also introduces 
a few drawbacks. If a fast fuse is used, 
chances are that it will blow at the first 
peak in the music signal. A slow fuse 
on the other hand does not guarantee 
that it will always be faster than the 
tweeters. In other words, the tweeters 
might still give up the ghost before the 
fuse blows. Add to this that any fuse 
introduces a certain resistance, which 
may vary from some tenths of an ohm 
to more than an ohm. This should un- 
doubtedly be borne in mind, since, un- 
less compensating measures are taken, 
it will inevitably lead to some attenu- 
ation of the high-frequency sound. 

A variation of the standard fuse is 
a special device with positive temper- 
ature coefficient (PTC), which is avail- 
able from many loudspeaker dealers. 
It is a semiconductor element that re- 
acts just like a slow fuse when the cur- 
rent through it becomes too high. Un- 
like a fuse, however, it recovers when 
the danger is past: it need not be re- 
placed, therefore. Unfortunately, its re- 
sistance is slightly higher than that of 
a fuse. 

It is clear that series current limiting 
by a fuse or prc device has its draw- 
backs. What other means are there? 

One is a voltage limiter across the 
tweeter, In its simplest form, this could 
consist of two anti-series connected 
zener (power) diodes, assuming that 
the necessary series resistor is already 
present in the cross-over filter (damp- 
ing resistor). A possible arrangement is 
shown in Figure 1, in which the zener 
diodes are at the right. Resistor Ry is 
the series (damping) resistor men- 
tioned earlier. If the zener ratings are 


Elektor Electronics 9 39 F 


5.6 V, the power applied to the tweeter 
is restricted to about 5 W. 

It may be asked whether such a 
simple protection is sufficiently effec- 
tive, to which the answer is yes and 
no. The difficulty is that this sort of 
protection is too effective. This is be- 
cause the zener action normally com- 
mences at fairly small currents when 
the zener voltage is nowhere near its 
nominal value. This results in untimely 
limiting, which causes a compression 
effect even at fairly small signals. An- 
other, practical, problem is that power 
zener diodes are not easy to come by. 


SIMULATED 
ZENER DIODE 
What we need is a pro- 
tection that is faster 
and more reliable than 
a series element and 
does not have the dis- 
advantages of a pair of 
zener diodes in paral- 
lel. This requirement 
could be met by a sort 
of simulated power 
zener diode that has a 
sharply defined start- 
ing point. 

The simple circuit in Figure 2 is 
such a zener diode, consisting of two 
discrete darlington transistors. Con- 
nector K, is simply connected in par- 
allel with the tweeter terminals. There 
is no need of a supply voltage, because 
this is drawn from the loudspeaker 
signal. 

The alternating signal across the 
loudspeaker is rectified by By, so that 
a pulsating direct voltage exists across 
network Rj-R>-P;, which is averaged 
(to a degree) by capacitor Cy. When 
the alternating signal increases, tran- 
sistor T, begins to conduct at a given 
value determined by the setting of Pj. 
Transistor T, turns on 
the power transistor, 
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T>, which consequently 
short-circuits part of the 
alternating signal. A 
part only, of course, be- 
cause if the signal were 
short-circuited —com- 
pletely, T; would be cut 
off, leaving T, without 
drive. All this means that there is a lim- 
iting effect which stabilizes itself at a 
certain signal level, just as a zener 
diode does. The difference is that the 
simulated zener diode has a defined 
starting voltage, so that signals below 
that level are not affected. Thus, com- 
pression effects do not occur. In Figure 
2, the values of Ry, Rz, and the preset 
have been chosen to ensure that the 
zener voltage can be set with P, be- 
tween 5V and 9 V, roughly corre- 
sponding to powers between 3 W and 
10 W into 8 Q. 

In the design stages, it was con- 
sidered to expand the circuit with an 
indicator LED, but in practice it was 
found that the music 
peaks are too short to 
make an LED light visi- 
bly. It is, of course, pos- 
sible to lengthen the 
signal peaks electroni- 
cally, but bear in mind 
that the required en- 
ergy must be drawn 
from the loudspeaker signal and this 
may lead to an increase in distortion. 


CONSTRUCTION 

The limiter is best built on the printed- 
circuit board shown in Figure 3, but it 
is, of course, just as easily built on a 
small prototyping board. The only as- 
pect that needs attention is that the 
two transistors are to be fitted on to a 
common heat sink of about 6.5 K W-1. 
This is necessary, because when the 
twee-ter is overloaded, there is quite a 
heat dissipation. The transistors must 
be electrically isolated from the heat 
sink with the aid of insulating washers 


Setting up 


Much thought was given to the control range of P;. The 
data books of a number of loudspeaker manufacturers 
showed that the majority of tweeters are normally rated at 
3-5 W, with some as high as 8 W. This led to the decision 
to make the range 3-10 W into 8 Q, corresponding to a sig- 
nal voltage range of 5-9 V. If you have no suitable mea- 
suring equipment available, take it as a rule of thumb that 
the power restriction is about 3 W with P, fully anticlock- 
wise, about 5 W with the preset turned one third of its travel 
clockwise, and about 10 W with it fully clockwise. 


Setting the zener voltage of the limiter requires a vari- 
i able power supply and a multimeter. Connect the power 
l supply across K, via a 2.2 2, 5 W resistor, and the multi- 
q meter in parallel with this as shown in the diagram. 


if we assume a power limit, P of 5 W into a (loud- 
speaker) impedance, R, of 8 Q, the signal voltage, u, is: 


u=%VPR=63V 


The power supply provides a direct voltage, which, as far 
as level is concerned, is equal to \2 = 1.414 times the 


rm.s, value of an alternating voltage. Thus, for the above 
values of 5 W into 8 Q, the preset must be set to give a 
meter reading of 1.414x6.3 = 8.9 V. Make sure, of course, 
that the power supply output level is sufficiently high. 


variable 
PSU 
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and non-metallic screws and nuts. The 
photograph shows what the finished 
limiter looks like. A good place for it is 
on or close to the cross-over filter 
board. A good alternative is beside the 
tweeter on the inside of the front 
panel of the enclosure. Connect K; to 
the tweeter terminals with medium- 
duty, flexible, insulated circuit wire. 


1-1S0096 
1?) 
Elektor Electronics 9/96 


USAGE 
As stated earlier, in the design it is as- 
sumed that the cross-over filter con- 
tains a resistor in series with the 
tweeter. This resistor is essential, be- 
cause the surplus voltage when the 
limiter is active is dropped across it. 
If you are worried by the thought 
that when the limiter is active the am- 
plifier is virtually short-circuited as far 
as high frequencies are concerned and 


that it may not be able to cope with» 
this, connect a 500 mA fuse in series’ 
with the tweeter. This protects the am- 
plifier against a full short-circuit: its ‘re- 
sistance of 0,3 Q is, in this case, negli- 
gible. ae 
The setting of P, is described in the 
box. i 
(960051) 
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In spite of the preci- 
sion of the GPs 
(Global Positioning 
System), the simplest 
way to determine di- 
rection and location is 
still by a magnetic 
(mariner’s) Compass 
or gyro compass. 
Nowadays there are 
also electronic com- 
passes. These com- 
passes have no mag- 
netic needle, but a 
magnetic sensor that 
is based on the Hall 
effect*. Such a sen- 
sor needs only a few 
components to show 
the directions north 
(N), north-east (NE), 
east (E), south-east 
(SE), south (S), 
south-west (SW), 
west (W), north-west 
(NW) on a compass 
Card. 


* See box ‘Hall effect’ 
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digital compass 


The Swiss firm Pewatron sells two 
kinds of compass sensor, both of which 
react with great sensitivity to the 
earth's magnetic field. These sensors 
facilitate the construction of an elec- 
tronic compass for various applica- 
tions. However, the analogue type, 
with its very high resolution, requires 
a quite complex electronic circuit, 
whereas the digital type (as used in 
the present design) only needs a few 
standard components and a standard 
logic Ic to construct a compass with 
45° resolution. The direction is indi- 
cated by a number of LEDs built into 
the compass card, The digital sensor is 
primarily intended for a hand-held 
compass, which may also be used in a 
car, boat or light aircraft. 


INCLINATION AND 
DECLINATION 

Not many people know how to han- 
dle a compass correctly. It is only when 


you have learnt to fly, sail a yacht 
across the sea, or have been on a ‘really 
wild’ holiday that you appreciate that 
the compass needle does not normally 
point to the north, This has several 
causes. First, the geographical (true) 
north and magnetic north are not at 
the same location. This means that the 
lines of force surrounding the earth 
magnet are not parallel to the geo- 
graphical meridians. Moreover, lines of 
force do not flow in a constant diree- 
tion from the south magnetic pole to 
the north magnetic pole. Their direc- 
tion fluctuates considerably, and for 
this reason the magnetic meridian can- 
not be defined as ‘the arc of a great cir- 
cle joining the north and south mag- 
netic poles’. Instead, it is defined as 
‘the direction that a compass needle 
will take up when under the influence 
of the earth’s magnetic field only’. The 
angle between the magnetic meridian 
and the true meridian at any place is 


Elektor Electronics 9/96 


=e g 


called the magnetic variation or decli- 
nation. The north magnetic pole is 
moving slowly all the time: it makes a 
circle round the true north pole once 
in about a thousand years. In Britain, 
the westerly declination is decreasing 
by about 10 minutes of are annually. 
The foregoing makes it clear that the 
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resulting error in compass reading is 
greater near the true north pole than 
at the equator. 

Another cause of error is the earth's 
magnetic field, which is the space 
around it occupied by its lines of force. 
Any freely suspended magnetic nee- 
dle placed in this field will align itself 
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with the lines of force 
of the field, The direc- 
tion of this field is hori- 
zontal at the magnetic 
equator, but as you 
travel northwards, the 
lines of force begin to 
dip, until, in Britain, 
they are inclined at an angle of about 
60° to the horizontal. In a modern 
magnetic compass, the magnetic nee- 
dle is not allowed to dip. This is 
achieved by having more than one 
needle (usually four to eight) so 
arranged that their common centre of 
gravity is below the point of suspen- 
sion of the compass card. 


OVERLAPPING RANGES 
The Type 6945 digital sensor is a com- 
bination of a miniature rotor with sap- 
phire bearings and a Hall effect 1c. The 
rotor is designed for measuring the 
horizontal component of the magnetic 
field, but reacts also to the vertical 
component. It is, therefore, essential 
that the sensor is held or fitted in such 
a manner that the rotor moves in the 
horizontal plane only. 

The sensor has four outputs, one 
for each of the four main compass 
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| Construction kit 


A full construction kit for the compass with digital sensor 
is available under type number 6037-G from 


Pewatron 

Hertistr. 27 

CH-8304 Waillisellen 
Zurich 

Switzerland 

Tel. +41 1 8 302 944 
Fax +417 1 8 305 157 


The kit comprises sensor Type 6945, a Pce with a special 
liquid-crystal display (LCD) and a number of standard logic 
ics. The design uses a number of gates and a 60 Hz os- 
cillator, consisting of two inverters, which drives the back- 
plane of the tcp. Eight xor gates ensure correct drive of 


the four segments: N, E, S and w. 


points. Each output is low in a range 
of +67.5° around the compass point 
with which it is associated. Thus, ad- 
jacent compass points overlap each 
other by 45° as shown in Figure 1. This 
means that with appropriate decoding, 
the compass card can be resolved not 
in four, but in eight (abutting) 45° 
ranges. 

How this is done is shown in Fig- 
ure 2. In this, the evaluation of the four 
output signals and their conversion 
into eight ranges is carried out in a 
somewhat different way from that de- 
scribed in the box on the 6037 kit 
(using more ICs and an Lc). All that is 


needed in the present design is a 
4-to-16 demultiplexer to drive the !.EDs. 
The Type 74HC154 used in spite of its 
16 outputs has the advantage that it 
does not need additional buffer Ics. 
The four pull-up resistors are neces- 
sary, however, since the sensor has 
open-collector outputs (n-p-n), which 
can handle currents of up to 25 mA. 
The Type 6945 sensor has a hys- 
teresis that prevents the indication 
from ‘fluttering’. The 6945 is available 
in two versions: damped and un- 
damped. In the present design the un- 
damped version is used, which reacts 
immediately to a change of direction. 
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The damped version takes about 3.5 s 
to follow changes of direction, in 
which it resembles the pointer of a 
mariners compass, 


POWER SUPPLY 
The power supply for the sensor 
should be carefully constructed, since 
the sensor is highly sensitive to all 
kinds of interference on the supply 
lines; in fact, it may be irreparably 
damaged by such interference. (At a 
price of some £35, that is not accept- 
able). 

The sensor can operate without 
any difficulty from voltages in the 
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range 
6-18 V, 50 
that a 9-V_ bat- 
tery is ideal for 
portable use of the com- 
pass as well as the 12-V sup- 
ply of a car, boat or light air- 
craft. The supply lines 
are protected 
against 
wrong 


and 
volt- 
age peaks. 


Wrong-polarity 

FSi protection is afforded by 
Dg. This is a Schottky diode 

so as to minimize the reduc- 
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tion in the input voltage when the 
compass is used as a portable. If the 
sensor is powered by the car/boat/air- 
craft supply, the BAT85 diode may 
be replaced by a 1N4148. 
Protection against 
voltage peaks is pro- 
vided by network 
Rg-C-D jg. 


e The 
Rreast 
Fdiode 
we may be 
omitted when 

the sensor is powered by a 9-V 
battery. 

Whichever supply is used, the 
5-V low-drop voltage regulator provides 
a supply line of +5 V. This is, however, 
not enough for the sensor, whose sup- 
ply is, therefore, taken from the unreg- 
ulated line before the regulator. Since 
the circuit draws a current of about 
30 mA, it is advisable to fit an on/off 
switch when the compass is powered 
by a 9-¥V battery. In a car, boat or light 
aircraft, the on/off switch function may 


Hall effect 


When a current-carrying electrical 
conductor is placed in a magnetic 
field, a voltage can develop between 
one side of the conductor and the 
other. For this to happen, the mag- 
netic lines of force must be perpen- 
dicular, or nearly so, to the line con- 
taining the conductor. The voltage 
then appears at right angles to the 
magnetic lines of force. If the con- 
ductor is a strip of metal or semi- 
conductor, and the magnetic lines of 
force are perpendicular to the strip, 
the voltage will appear between op- 
posite edges of the strip. This is 
known as the Hall effect. The electric- 
field intensity, E,,,, generated by the 
Hall effect is given by: 


Ew, = BlgKylt, 


where |, is the current in the con- 
ductor B is the magnetic-field 


be provided by the ignition switch; 


CONSTRUCTION peel 
The compass is best built onthe’ 
printed-circuit board shown in. Fig, 
ure 3. The board allows the section in- 
tended for the sensor to be cut off and 
to be fitted in a different location or at 
right angles to the remainder of the 
board. This may be very useful if the 
compass is fitted in a vehicle. 
If the distance between the sensor 
and the remainder of the compass is. 
more than, say, a metre (3 ft), it is 
advisable to use 5-core screened 
cable for the connection between 
the boards. The screen serves as. 
| the earth return. In some cases, it 
© may also be neces-sary to reduce'the 
alues of RyRy to not less than 10 kQ, 
Bear in mind that the compass 
must be fitted in the horizontal plane 
of the car, boat or aircraft to ensure 
that the rotor moves in the horizontal» 
plane (which, of course, is sometimes 
difficult in a boat or aircraft). 
Apart from the errors caused by the 
variation and/or dip, the compass may 
be affected by another type of. error 
Like all magnetic compasses, the pre- — 
sent one is also affected by external 
magnetic fields, It is, therefore, essen- 
tial to ensure that the sensor is not fit- 
ted near any magnetic materials. 

The prototype is built into a plastic 
case with transparent lid as shown in 
the photographs. This type of con- 
struction makes it unnecessary’ for 
holes for the eight LEDs to be drilled: : 
[960085] 


view from above 


6945 


QO 


1.4,7,10 = 46,18 
2,5,8,11 = ground 
3,6,9,12, = output 
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strength, K,, is a constant, called the 
Hall constant, and t is the thickness 
of the material. 
The effect is named after its discov- 
erer, the American physicist Edwin 
Herbert Hall (1855-1938). It is used 
to investigate the nature of charge 
carriers in metals and semiconduc- 
tors, in the Hall probe for the mea- 
surement of magnetic fields, and in 
magnetically operated switches. 


RS232 interface for 


-A-D converter ICL7106 


Many of today’s elec- 
tronic test instruments 
feature an RS232 in- 
terface for data ex- 
change with a PC. 
Such an interface 
brings remote log- 
ging, statistic pro- 
cessing and present- 
ing of sampled data 
within easy reach, all 
with the aid of a PC. 
The circuit described 
here adds an RS232 
interface to older test 
equipment based on 
the familiar |CL7106 
ADC and LCD driver. 
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A serial interface is now firmly estab- 
lished among the standard features of 
much test equipment, even that in the 
lower cost range. The terminal pro- 
grams that come with these instru- 
ments allow measurement data to be 
conveyed to a PC for further process- 
ing. Unfortunately, owners of older 
and home-made test instruments can 
not reap the benefits of such a PC link, 
because the required interface is not 
available. A lot of these instruments 
typically use the industry-standard 
ICL7106 from Intersil (now Maxim 
Inc.). This chip is capable of converting 
an analogue input voltage into a digi- 
tal value, and drive a 3.5-digit LCD. 
The ICL7106 is marked by a relatively 
small footprint (it is usually mounted 
underneath the associated LCD), but 
also by its low price of less than #4. 
The complex structure of the con- 
verter — it lacks an externally accessi- 
ble, but non 7-segment-decoded out- 
put — requires a small trick if you 
want to add an RS232 interface to an 
older test instrument. The circuit dis- 
cussed here consists of a small adaptor 
board, which is fitted instead of the 
ICL7106 in the equipment, and accepts 
the same chip again as a kind of piggy 
back add-on. The link to the PC sim- 
ply consists of two wires (unscreened!) 
with a length of up to 6m. An external 
power supply is not required because 
the circuit is powered from the RS232 
interface and the converter’s supply. 


Fur- 
ther- 
more, the connection 

between the test instrument and the 
PC is electrically isolated, so you do not 
have grapple with potential differ- 
ences. 


24-BIT PARALLEL TO 
SERIAL 


The operating principle of the circuit in 
Figure 1 is quickly explained: the dis- 
play information, intended for a 3.5- 
digit 7-segment readout with polarity 
indicator, is ‘tapped’ at the converter 
IC, converted into an RS232 compati- 
ble serial datastream (including start 
and stop bits) with the aid of a shift 
register, and then fed to your PC’s 
RS232 port via an opto-isolator, 
The clock for the ser- 
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ial data is provided by an oscillator 
which consists of a quartz crystal 
(32.768 kHz) and a type 4060 divider. 
Pin 7 supplies the 2048-Hz shift regis- 
ter clock. Although this frequency does 
not correspond to a standard baud 
rate (1200, 2400, etc.), it may be gener- 
ated by the PC with sufficient accuracy 
(115,200/56 = 2,057.1 Hz). Odd as the 
resulting baud rate may be, it does 
eliminate the need of more divider 
ICs. An 8-Hz signal which also hap- 
pens to be available from the 4060 is 
used to load the shift register. 

A 24-bit shift register is built from 
1C2, IC3 and IC4, which convert the 
parallel data into serial format. Of each 
of the three 7-segment readouts (units, 
tens and hundreds positions), the five 
segments A, B, E, F and G are suffi- 
cient to form the equivalent decimal 
number. To these are added one bit for 
the thousands position, one for the po- 
larity and one for the backplane signal. 
The 18 data bits are split into three 
bytes, each of which is headed by a 
start bit (low) and closed off by a stop 
bit (high). On a high level at pin9 
(P/S), the 24 bits are loaded into the 
shift register. A subsequent ‘low’ level 
causes the bits to be shifted out at the 
rate of the clock applied to pin 10. 
Trailing (inactive) stop bits are auto- 
matically added to the end of the ser- 
ial word. At the output of the shift reg- 
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ister cascade (pin 3 of IC4) appears a 
datastream with a length of 3 bytes of 
10/2,048 s = 4.9 ms each, at intervals of 
125 ms. 

The output of the shift registers dri- 
ves opto-isolator IC5 via resistor R3. At 
the PC side of the opto-isolator, the 
signal is amplified by T1. The amplifier 
allows a relatively small drive current 
of 1 mA to be used, while it has a pos- 
itive effect on the current consumption 
of the opto-transistor. To enable the 
data to reach the PC, the computer 
must actuate the DTR line on its RS232 
port (i.e., pull the line to +12 Y). An ac- 
tive low at the shift register output 
causes the LED in the opto-isolator to 
light, and T1 to conduct. Conse- 
quently, the RxD line is pulled to 
+12 V. When T1 is switched off, the in- 
ternal pull-down resistor of the inter- 
face pulls the line to the — 12 V level. 
The relatively low data rates that can 
be achieved in this way (because the 
charge contained in the wire and 
input capacitances can only be re- 
versed slowly), need not be a disad- 
vantage because in most cases only 
small amounts of data will be in- 
volved. The advantages are clear: only 
two wires, and no external power sup- 
ply. 

Because of the electrical isolation, 
two supply voltages are required. At 
the converter side, the circuit uses the 
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supply voltage pin of the ICL7106. 
This causes a few problems, though, 
because the ‘low’ level supplied by the 
outputs of the ICL7106 is not 0 V, but 
approximately V,.—5 V. Obviously, 
that level will not be recognized by the 
CMOS logic connected to the outputs. 
The problem is solved by raising the 
negative supply level of the circuit by 
about 2 V with the aid of diodes D1, 
D2 and D3. At a typical supply voltage 
of 9 V, that creates a ground voltage 
level of about 2 V, while the threshold 
voltage of the shift register inputs lies 
at about 5.5 V. In this way, the shift reg- 
isters are capable of recognizing a low 
(approx. 4 V) from a high (9 V). 


CONSTRUCTION: 
CHOICE 


YOUR 


The circuit is best built on the simple 
printed circuit board shown in Fig- 
ure 3 (board not available ready-made 
through the Readers Services). This 
board may be linked to the main in- 
strument in two ways, as illustrated in 
Figure 2. Either you plug the interface 
board in or solder it at the component 
side, instead of the ICL7106, or you sol- 
der it as an add-on at the copper side of 
the equipment board. The first option 
(Fig. 2a) is best used if the ICL7106 sits 
in a socket, and is not covered by the 
LC display. The serial interface board 
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is then fitted with a wire-wrap socket 
whose pins are inserted into the socket 
from which the ICL7106 has been re- 
moved. The IC then migrates to the 
wire-wrap socket. 

The second option (Fig. 2b) leaves 
the original equipment almost un- 
changed. This way of mounting the 
add-on circuit is particularly useful 
when the ICL7106 is not fitted in a 
socket, but soldered directly on to the 


ICL7106 


program, simply type 
meas7106 [/1/2] [/lfilename] 


where the option /7 or /2 selects the se- 
tial port on your PC (COMI: or 
COM2,;, the latter is the default). The 
other option, // and filename, allows a 
log file to be created which contains 
the measured data (eight values per 
second) in ASCH format. From there, 

any extension is, in 

principle, possible, for 

instance, a graphics 


liquid-crystal display (LCO) 


wire-wrap socket 
ra interface board 
soldering point 


original socket 


ra equipment board 
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display running under 
Windows. Apart from 
the executable pro- 
gram meas7106.exe, 
the disk supplied 
through our Readers 
Services also contains 
the source code writ- 
ten in Turbo Pascal 6.0 
(meas7106.pas). A 
small modification to 
the program is suffi- 
cient to enable a sec- 
ond circuit to be linked 
to the same interface. 


AGES. 


ICL7106 socket 


*, soldering point 
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board. Basically, two strips with long 
pins (Fischer type MK14) are inserted 
between the two boards. Take care not 
to overheat the ICL7106 while solder- 
ing its pins. Also note the limited dis- 
tance of just 15mm between the 
boards, this requires the use of low- 
profile components, while C3 should 
be mounted flat on the board. 
Whichever mounting method you 
choose, proper and accurate soldering 
is a must for reliable, solid joints. Ob- 
viously, you have to decide on the 
mounting method before you start 
populating the board, whose layout is 
given in Figure 3. 


SOFTWARE 

A small Turbo pascal 
program called 
meas7106 allows a 
PC to collect, display 
and report measured 
data. To call up the 
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» equipment board 
soldering point 


contact strip 
interface board 


The hardware clue for 
this is to use the RTS 
line (pin 7 on the sub- 
D socket) as a second 
supply. When DTR is 
active and RTS inac- 
tive, data may be read 
from converter 1. Con- 
versely, with DTR 
switched off and RTS 
actuated, the other 
converter is selected. 

(960090) 
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Temperature, which is 
not a tangible 
- quantity — it is a rel- 
ative ratio — is im- 
portant for all life 
on earth. It is, par- 
ticularly in western 
Europe, an introduc- 
tory topic of conversa- 
tion with comparative 
strangers on the bus, or 
in a shop (“Cold last 
night, wasn’t it?” and 
“Warm today, don’t ye 
think?”) Without such in- 
troductions, everyday 
life would be rather 
quiet. The record- 
ing of the lowest Brie 
and highest 
temperatures is 
during , say, a por lnear 6 


. n 
24-hour period, eee 
became possi-  Gyertiow indication pout 


ble by the maxi- Power Sy 
mum and mini- 
mum thermome- 
ter developed by the 
British physicist Six. The 
- present article describes 
a digital version of this 
well-known instrument. 


The obsession 

of many people in western Eu- 

rope with the weather is baffling (in 

most of the rest of the world, even in 

other moderate climate zones, weather 

is not a frequent or popular topic of 

conversation). Of course, people in the 

southern USA or the Far East will dis- 

cuss the progress of the current hurri- 
cane or typhoon, but that is all. 

Be that as it may, many readers will 
be interested in the digital maximum 
and minimum thermometer discussed 
in this article. It is based on an 
ST62T10-HDW microprocessor from 
SGS Thomson and an LM35 sensor; in- 


Based on an idea of A. Trags 


digital maximum and 
minimum thermometer 


terface. The measurements are shown 
on three 7-segment displays. 

The ST62T10 is housed in a DIL20 
case and has 64 bytes RAM, 1828 bytes 
ROM, twelve I/O lines, a timer, a watch- 
dog timer, and an 8-bit analogue-to- 
digital converter (ADC) with eight ana- 
logue inputs. All necessary software for 
the thermometer function is stored in 
the ROM. The variables used by the 
software are located in the RAM. 


COMPACT DESIGN 

Thanks to the small microprocessor, 
the design is very compact, which is, 
of course, a prime requirement for a 
thermometer. 

The processor quantizes the signals 
generated by temperature sensor IC3, 
computes these, stores the measure- 
ments, and provides the drive for the 
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The LM35 sensor 


The LM35 from National Semiconductor is a three-terminal 
intelligent temperature sensor that generates an output volt- 
age which is directly proportional to the ambient temper- 
ature. The scale factor is 10.0 mV °C-1. 

Thanks to the calibration carried out with a laser during 
the production stages, the sensor is very accurate and yet 
not expensive. External adjustments are not needed. 

Because of the low current drain, averaging < 60 UA, 
self-heating is low. According to the manufacturer's data 
sheet, the maximum error caused by self-heating is, in still 
air, 0.08 °C, which is negligible. 

The supply voltage for the sensor may lie between 4 V 
and 30 V. 

The diagram shows that the sensor consists of a circuit 
which stabilizes the potential to a fixed value and a current 
source across which the voltages varies with temperature 
at 8.88 mV °C-'. This voltage is amplified x1.25 to give a 
final scaling factor of 10 mV °C-1. 

The op amp provides an output impedance of only 
0.7.0. 


The maximum output current is 1 mA. 
The chip is available in a number of versions, among 
which one with a metal case, the LM34, which provides 
an output voltage of 10 mV °F-1, 


= 10 mv/°c 


960010-12 


a portion of which is utilized in the 
present design. Its output voltage 
varies by 10 mV °C-1, which, in the 


multiplexed display. 

The clock signal is generated by an 
on-board oscillator and an external 
8-MHz crystal, X}. 

The reset network consists of Ro, Cg 
and push-button switch S;. This net- 
work generates the necessary reset 
pulse for the processor to start after the 
supply has been switched on. Reset- 
ting during operation is possible by 


temperature sensor IC; via Ry. The 
sensor has a measurement range ex- 
tending from —55 °C to +150 °C, only 


5V (+) 


pressing switch 5). 2 
Seven outputs of /O port B are used 

to drive discrete segments of the dis- E S 

play. The displays i 


are multiplexed by 
vo outputs 
PA,-PAg. When 
the (logic) level at 
the selected output 
goes low, the asso- 
ciated transistor 
(T,-T3) comes on, 
which results in 
voltage being sup- 
plied to the relevant display segment. 

When PAg, the fourth input of port 
A, is made low by the closing of switch 
S,, first the maximum temperature 
and then the minimum temperature 
are shown on the display. 

The decimal point on the centre 
display segment, LDy, is actuated con- 
tinuously via resistor Ro). 

The /O pin PB; is arranged as an 
analogue input and ensures that the 
analogue output signal of the sensor/ 
interface has access to the on-board 
ADC. 

Diodes D, and D3 protect the in- 
puts against high voltage levels. 

Potential divider Rj-R>-P, provides 
a reference voltage which can be pre- 
set between 600 mV and 870 mV. This 
voltage is buffered by IC, and then 
applied to the negative terminal of 
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present circuit, means 
from -100mV_— to 
+540 mV. The negative 
sign of the —100 mV 
level merely means 
that the potential at 
pin 2 of IC; is 100 mV 
lower than that at pin 3. Since the po- 
tential at pin 3 is normally 780 mV, 
pin 2 is always positive with respect to 
earth. 

Since the apc in IC) can handle 
voltages between 0 V and 5 V only, the 
output potential of IC; must be raised, 
which is achieved by applying the ref- 
erence voltage at pin 2 of IC, to the 
negative terminal of the sensor. 

Operation is optimal when the aux- 
iliary voltage set with P; is 780 mV. The 
reference voltage used here requires 
that, in accordance with the data sheet, 
the sensor should have a 27 kQ resis- 
tor, Rs to earth. 

Jumper JP; enables selection of one 
of two input signals to the non-invert- 
ing input, pin 1, of amplifier [C3,. In 
position 0, the auxiliary voltage is ap- 
plied to pin 1; in position 1, the output 
voltage of the sensor. It is of interest 
only during calibration; in normal op- 
eration, it is always set to position 1. 

The operating point of non-invert- 
ing amplifier IC, is chosen so that the 
desired measurement causes a voltage 
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range of 0-5 V at the 
input of the apc. The 
reference potential for 
this converter is 5 V, 
while the output of the 
sensor varies, as already 
stated, from 100 mV to 
540 mV. The requisite voltage amplifi- 
cation, determined by R, and R;, must 
thus be 5/0.64 = x7.81. With these val- 
ues, the abc has a resolution of four 
steps per °C (256/64), which results in 
a display resolution of 0.25 °C. The dis- 
played result is always computed from 
16 measurements, which ensures that 
small(ish) measurement errors, which 
are always possible, are eliminated. 

The auxiliary voltage of 600 mV is 
needed to enable the operational am- 
plifiers being able to drive signals 
down to earth potential. 

The power supply is traditional. 
The input voltage should be 9-15 V. 
Diode D, provides half-wave rectifica- 
tion of the alternating input voltage 
and protects the supply against incor- 
rect polarity of the mains adaptor. Ca- 
pacitor C; buffers the supply lines. 

Diode D, in series with the earth 
terminal of voltage regulator IC, raises 
the earth potential by about 0.6 V. This 
arrangement gives the op amps, as 
stated earlier, a small negative supply 
voltage. 


Capacitors C3, Cy, and Cy decou- 
ple the regulator. 

Since the circuit draws a current of 
just about 100 mA, the regulator does 
not need a heat sink. 


CONSTRUCTION 

The thermometer circuit is best built 
on the printed-circuit board shown in 
Figure 2. The board may be used in 
two different ways. As shown, it fits 
upon completion directly in the en- 
closure shown in the photograph. If a 
smaller enclosure is preferred, the 
board may be cut into two as indi- 
cated. This gives a board for the ana- 
logue section, and one for the digital 
section of the circuit. 

The marked slots at the edges of 
the digital board should be filed out to 
give a neat entry for the cables con- 
necting the board to the sensor. 

The two boards may be sand- 
wiched, track sides opposing, with the 
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aid of four insulated 
spacers. They are electni- 
cally interconnected by 
three wire bridges be- 
tween +, L, and T. 

Completion of the digital board 
should not present any undue diffi- 
culties. Most resistors should be bent 
so that they may be mounted verti- 
cally. Sockets may be used for the three 
displays and IC. 

The sensor should be linked to the 
analogue board (three-way terminal 
near Rs) via three lengths of flexible, 
insulated circuit wire. If the sensor 
were fitted on the board, heating of 
the board would give rise to measure- 
ment errors. 


CALIBRATION 

All that is needed for calibrating the 
thermometer is a dish with melting 
ice, which provides the temperature 
reference of 0 °C, At that temperature, 
the sensor provides an output voltage 
of 0 V. Set the jumper to position 0, 
whereupon the offset voltage gener- 
ated by IC, is applied to the non-in- 
verting input, pin 5, of IC3,. Adjust P, 


until the display reads 
00.0. Note that the rele- 
vant position of P; is not 
precisely defined: set it at 
the centre of the range 
found. 

Set the jumper to position 1 and 
place the sensor in the dish with melt- 
ing ice. After a minute or so, the dis- 
play should again read 00.0. This com- 
pletes the calibration. 


USING THE 
THERMOMETER 


When the supply voltage is switched 
on, or the reset knob pressed,the ther- 
mometer shows the ambient tempera- 
ture. After a reset, the maximum and 
minimum temperature readings show 
the same value as the ambient tem- 
perature, If the ambient temperature is 
lower than -9.7 °C, the display flashes 
~9.7; if it is higher a 53.7 °C, the dis- 
play flashes 53.7. 

When switch $5 is pressed, first the 
maximum temperature (HI) and then 
the minimum temperature (LO) are 
displayed. 


FINALLY... 


When the thermometer functions cot 
rectly, it should be fitted in a suitable: 
enclosure as discussed under “Con. 
struction’. The choice of enclosure de- 
pends to a large extent on whether the 
thermometer is to be used indoors or 
outside. 
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The market for micro- 
electronic equipment is 
growing at a seemingly 
ever-increasing rate. 
After the era of discrete 
semiconductors, it is 
now integrated circuits 
that make possible the 
production of small 
and smaller portable 
electronic equipment. It 
is estimated that in 
_ Britain every family has 
at least one portable 
_ radio and one in every 
three people has a mo- 
bile telephone. Many 
cars have remote car 
locks, not to speak of 
the remote control 
: units for the video 
recorder, the audio sys- 
tem, and so on. All 
these units need bat- 
- teries, which also have 
_ to become smaller and 

smaller (have a look in- 
side your quartz crystal 
watch: and that battery 
js not small by current 
| standards). 


By our Editorial Staff 
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It may come as a surprise to some 
readers that most portable electronic 
equipment is powered by dry batter- 
ies: the world market for these is gi- 
gantic. In this overview, however, we 
will look at rechargeable batteries only. 
Although these come in many shapes 
and sizes, there are relatively few 
basic technologies on which they are 
based. During and after the Second 
World War, the daddy of them all, the 
lead-acid battery, was followed in 
quick succession by a host of different 
systems based on different materials: 
silver, nickel, zinc, and lithium. These 
metals are used in combination with 
various other materials: nickel-iron; 
nickel-zince; silver-hydrogen; silver 
oxide-zinc; zinc-air; cadmium-air; alu- 
minium-air; lithium-iodine (almost 
universally used in cardiac pacemak- 
ers); lithium-molybdenum; lithium- 
iron-aluminium; and so on. This arti- 
cle will look at a few of these. 


LEAD-ACID BATTERIES 
The lead-acid battery is still the most 
widely used secondary battery in the 


world, mainly because of its applica- 
tion in the automotive field, although 
it has a growing number of other ap- 
plications. Its advantages are low cost, 
high voltage per cell and good capac- 
ity life. Its disadvantages are its 
weight and poor low-temperature 
characteristics. 

An open-type lead-acid battery 
consists of a number of lead plates 
suspended in sulphuric acid con- 
tained in a tough, plastic, spill-proof 
case. For many years now, sealed lead- 
acid batteries have also been available. 
Although these are not produced in 
the same quantities as the non-sealed 
type, their uses are increasing. 


NICKEL-CADMIUM 
BATTERIES 

Nickel-cadmium (NiCd) batteries have 
a nickel anode and a cadmium cath- 
ode immersed in potassium hydrox- 
ide (KOH), normally contained in a 
tough, sealed plastic container (only 
low-capacity types - over 30 Ah, they 
are normally of the open type which 
requires periodic topping up to re- 
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place electrolyte). 

Nickel-cadmium batteries have a 
long life (typically 1000 hours at the 
[yy rate), and good low-temperature 
characteristics. Their cost is, however, 
relatively high. 

Sealed NiCd batteries are normally 
rated at the C, C,,, or xC,, rate. These 
are, respectively, the discharge cur- 
rent in A, numerically equal to the 
rated battery capacity in Ah, which 
discharges the battery in 1 hour or n 
hours. The x indicates a discharge 
current of x times the rated battery ca- 
pacity in Ah. 

When a NiCd battery gets warm, 
its capacity, compared with other 
types of battery, drops. This is the rea- 
son that a NiCd battery is normally 
charged at a low rate. However, many 
appliances, such as mobile  tele- 
phones, using NiCd batteries, come as 
standard with a fast charger. 

Another problem with NiCd bat- 
teries is their lack of charge retention, 
which is why it is recommended that 
these batteries are always fully dis- 
charged before they are recharged. 

The most serious aspect of NiCd 
batteries is, however, an environmen- 
tal one. When such a battery is at the 
end of its life and discarded, the risk 
of the dangerous cadmium in it end- 
ing up ata rubbish tip is great. This is 
the reason that environmentalists 
(which should be all of us) advocate 
their total discontinuance. 


NICKEL-METAL-= 
HYDRIDE BATTERIES 
Nickel-metal-hydride (NiMH) batter- 
ies are a development of the NiCd 
battery, and have been widely used in 
space batteries for a number of years. 
Their structure is similar to that of 
NiCd batteries, but the cadmium 
cathode has been replaced by a metal 
alloy. During normal operation of a 
sealed NiMH battery, hydrogen 
atoms collect at the cathode and pro- 
duce metal hydride. The hydrogen is 
consumed again during discharge, 
leaving the metal unaltered. 

NiMH batteries do not suffer from 
the lack of retention so typical of 
NiCd __ batteries. 
Also, they have a 
higher energy- 
to-volume ration 
than NiCd bat- 
teries. 

In contrast to 
the decreasing 
capacity of NiCd 
batteries with rising temperature, the 
capacity of NiMH batteries increases 
with rising temperature. 

A drawback of NiMH batteries is 
their relatively high self-discharge, 
which starts levelling out only at tem- 
peratures below —10 °C. 


Elektor Electronics 9/96 


LITHIUM-ION 
BATTERIES 

There are many types of lithium bat- 
tery; some of the more recent ones 
are lithium-molybdenum (LiMo) and 
lithium-ion (Li-ion) batteries. In view 
of their very small self-discharge and 
large capacity per unit volume, Li-ion 
batteries appear to have a bright fu- 
ture. Lithium-based secondary bat- 
teries, although developed in the 
early 1970s, have been entering main- 


stream electronic on 
designs only since ‘verea 
the late 1980s, par- ery Tec! 
ticularly in con- 
sumer, portable 
equipment and 
non-volatile mem- 
ory backup appli- 
cations, where 
small size, long life and low cost are 
prime requirements. 

The practicality of lithium is 


greatly enhanced by the progress in 
cmos technology. As low-power CMOS 
technology advances further, gaining 
a larger share of the integrated circuit 
market, lithium batteries will no 
doubt prove of great value. 

The anode of an Li-ion battery 
consists of a lithium alloy, and the 
cathode of carbon or a metal alloy. 
These are immersed in an organic liq- 
uid containing a saline solution. 
Lithium ions move between the elec- 
trodes when the battery is being 
charged or discharged. 

Since the materials used in lithium 
batteries have a smaller mass per unit 
energy produced than is the case, for 
instance, in a NiCd battery, lithium 
batteries are much lighter. 

The capacity-to-volume ratio of 
Li-ion batteries is about twice that of 
NiMH batteries. 

Li-ion batteries have a life of more 
than 1200 cycles. 


RECHARGEABLE 
ALKALINE MANGANESE 
BATTERIES 

Alkaline manganese batteries were 
until recently typical of non-recharge- 
able batteries. However, in the late 
1980s rechargeable (secondary) ver- 
sions of this type of battery have be- 
come available in the USA (Union 
Carbide; Battery Technologies) — 
somehow, they have not (yet) caught 
on in Europe. 

These batteries use a specific elec- 
trochemical process, are maintenance- 
free and hermetically sealed. They 
were designed as an alternative to 
NiCd batteries for clectronic applica- 
tions where low initial cost and low 
operating costs are imperative. The al- 
kaline manganese secondary battery 
cannot be recharged as many times as 
the NiCd battery, but its initial cost is 
very small compared to that of an 
equivalent NiCd battery. 

The energy per cell decreases with 
each charge/discharge cycle, al- 
though the open-circuit voltage re- 
mains substantially the same. Manu- 
facturers’ data suggest that alkaline 
manganese secondary batteries can be 
recycled 50-750 times. 

The degree of loss per cycle is 
partly determined by the moment at 
which recharging is commenced. The 
earlier in the discharging process this 
is, the larger the residual capacity. 
Also important in this respect is a not 
too heavy load on the battery: dis- 
charge currents between 100 mA and 
150 mA are recommended. 

Secondary alkaline manganese 
batteries are about twice as expensive 
as primary alkaline manganese bat- 
teries. However, in view of the fact 
that during their lifespan they deliver 
20-50 times as much energy, the in- 
vestment is worth while. 
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Secondary alkaline manganese 
batteries can be recharged only by 
specific charging equipment. 


THE FUTURE 

The evolution of new battery systems 
is inexorable. As far as can be seen at 
present, two systems are likely to 
dominate in the next 5-10 years: zinc- 
air secondary batteries and lithium- 
polymer secondary batteries. 

The zinc-air primary battery has 
been in use for some time in the form 
of button types for the supply of, for 
instance, hearing aids. 

Early models of the zinc-air sec- 
ondary battery have shown an en- 
ergy density of some 170 Wh kg" at 
the C; rate of discharge. This is about 


twice as high as that of current 
rechargeable batteries. Unfortunately, 
they are limited to about 50 
charge/discharge cycles owing to 
problems with separator materials 
and the platinum on the anode. How- 
ever, these will, no doubt, be over- 
come within the very near future. 
The lithium-polymer battery also 
has an energy density well in excess 
of that of, for instance, an NiMH bat- 
tery. Here also, designers are faced 
with problems, primarily the low 
number of charge/discharge cycles. 
These appear to be caused by degra- 
dation of the active components in 
the cell, probably owing to the reac- 
tion between lithium and the elec- 
trolyte, producing ethylene, propy- 


Table 1. Properties of some important types of rechargeable battery, all R6 size. 
For comparison’s sake, the table includes data of a primary alkaline manganese 


battery. R6 is the IEC reference, in which the letter R indicates that the battery 
is cylindrical; the number 6 signifies a particular size. 


Type of battery omy Sica sey «NiCd NIMH Soo 
Capacity - |2.5Ah |1Ah - O7Ah 1A [0.7 An 
Energy density |3.5 Wh | 1.5 Wh : 0.8 Wh | 1.2 Wh | 2.6 Wh 
[EME 15V '1.5V 20v |12Vv |12Vv |36V 

No ofcycles |1 — |50 500  |1000 |1000 |1000 | 
‘Self-discharget 1% 0,4% 6% 15% 25% | 0.1% 
Peak current limited | limited good good | limited |moderate 
* per cell t per month - : 


Table 2. Characteristics of charging currents that may be used for charging sec- 


ondary batteries: they all have advantages and drawbacks. 


Method Remarks 


Limiting of current any 


| lead-acid batteries \ 


and voltage 


| Rectified sine wave | inexpensive 


measuring error 
owing to transfer 
resistance 


isati urr 
Pulsating current paris 


of gas 
Discharge pulses a 


obviates measuring 


obviate production 


improves retention 


capacity 
improves retention 
Pulsating peak capacity 
— reduces 
crystallization 
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lene and lithium carbonate. 


CHARGING 
Secondary batteries that are dis- 
charged, or nearly so, must be 
recharged. A number of charging 
methods have been developed in the 
past few decades. Many types of in- 
tegrated circuit for charging applica- 
tions are available from a number of 
manufacturers. 

There appears to be a particular 
charging method for each type of sec- 
ondary battery. NiCd batteries are 
known for the large peak currents 
they can provide, so that, conversely, 
large charging currents may be used 
as well, If a NiCd battery is charged 
at 4C it is fully charged in about 15 
minutes (this is called ultra-rapid 
charging; rapid charging, that is with 
a charging period of 
about one hour, is far 
more common nowa- 
days — see earlier com- 
ment on mobile tele- 
phones). 


CHARGERS 

The function of a 
charger is easily de- 
scribed: it must pump 
current into the battery 
until this is fully 
charged. A good-quality charger de- 
tects the moment the battery is fully 
charged. The requisite electronics may 
do this by monitoring the voltage at 
the battery terminals, the rising bat- 
tery temperature, or the production 
of gas in the battery. 

Lead-acid batteries are charged by 
applying to them a fixed voltage 
(higher than the battery’s e.m.f.), Cur- 
rent limiting ensures that the charg- 
ing current does not exceed a given 
value. When the battery is fully 
charged, the current automatically 
drops to a lower level. 

In many cases, the charging cur- 
rent need not be regulated, nor even 
smoothed. For instance, the output 
voltage of a rectifier may be applied 
via a resistor directly to the terminals 
of a NiCd battery. 

Another method is charging with 
a pulsed constant current. During the 
time between two pulses, the voltage 
across the battery is measured as a 
check on the state of charge. 

In another method, the battery is 
discharged for a short period after it 
has been charged. This is done to re- 
duce the production of gas in the bat- 
tery. An additional benefit is that it 
improves the charge retention in 
NiCd batteries. 

Batteries may also be charged with 
very high current pulses. In this 
method, the average level of the cur- 
rent depends on the pulse-pause 
ratio. This method also improves the 
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charge retention of References: 
NiCd batteries. More- 
over, it reduces crys- 
tallization, which 
causes the battery capacity to drop 
slightly with every charge/discharge 
cycle. The characteristics in Figure 4 ‘Batteries’, Elektor Electronics, December 
show the amount of crystallization as 1994, 

a function of the number of 
charge/discharge cycles. They also 
show that small charging currents 
(below 0.1C) damage the battery. It is 
far better to use a high charging cur- 
rent with a small pulse-pause ration. 
[9600018] 


Battery Reference Book, 2nd Edition, by 
TR. Crompton 
(Butterworth-Heinemann 1995) 


Will Emil Jauhari, who recently 
wrote to us, but whe forgot to give 
his address, send us the address so 
that we can answer his letter. 
[Editor] 


FRUSTRATED WITH BLACK 
BOXES 


Dear Editor—I have been pur- 
chasing Llektor Electronics for 
many years but | have become 
more and more frustrated by the 
increasing number of projects 
which are incomplete. A primary 
reason for reading the magazine 
is to learn about electronics and 
design, Enjoyment and learning 
come from building and modify- 
ing circuit from scratch with my 
own PCB and devices purchased 
at my local store. 

More and more circuits use 
programmable parts: FPGAs, 
(EJPROMS, PALS, GALS or micro- 
processors. Elektor Electronics 
has published a number of pro- 
grammers over the years to en- 
able the Icisure user to program 
these devices. This leaves me bat- 
fled as to why you ure publishing 
articles detailing a single micro- 
processor solution (a PIC in April 
anda 51 in May, to name but 
two) with little external circuitry 
of note (as expected) and no soft- 
ware. Why not let us learn from 
these prime examples for our- 
selves? Instead, you offer the 
(preprogrammed devices at in- 
fluted prices, presumably to cover 
costs and programming. I do not 
understand why when you pub- 
lish articles detailing programma- 
ble devices and, in the case of 
processors instruction sets, you 
do not offer source code. I can- 
not modify any programmed de- 
vice to my own liking and might 
as well purchase a ready-built 
unit. 

T appreciate that some listings 
may be too lengthy, but no exter- 
nal offer is made either, Can I 
download it from a BBS or Inter- 
net? Can | acquire the source 
from your Readers Services 
page? In a word, no. | always en- 
joyed Flektor Electronics, but the 
shine has gone. The level of pro- 
jects in the magazine appeared to 
me to be just a bit better than 
other magazines’ efforts and defi- 
nitcly better presented. Shame 
it’s just about how to assemble 
the kit of parts now ... 

Alex de Vries 
Norwich 


Your comments are much apprect- 
ated. We do publish our various 


magazines in order to give readers 
the opportunity of learning about 
electronics theory and design. Un- 
fortunately, we live in an age of 
‘black boxes’, such as EPROMs, 
GALS and so on, In some case, we 
might be able to publish the pro- 
grams contained in such devices, 
but mostly the copyright does not 
allow us to do so. Moreover, often 
the copyright does not allow the 
program to be modified. This is 
frustrating, both to our readers and 
to our designers. Regrettably, we all 
have to learn to live with this, ad- 
mittedly unsatisfactory, state of af- 
fairs. We will do our best to avoid 
projects that use such devices, but 
this may not always be possible in 
the interest of a number of readers 
whe do not mind preprogramuned 
devices they cannot analyse. 


[Editor] 


COPYING AUDIO ON A ¥CR 
(Letters May 1996) 


Dear Editor—tt is possible to re- 
cord audio only on a non-hi-fi 
VCR, since audio and video are 
recorded on different parts of the 
tape. In case of a VCR equipped 
with a SCART input (or, for that 
matter, any form of line input), 
the reason behind a failure to re- 
cord audio only signals may lie 
with the input-muting circuit that 
controls both video and audio 
muting by detecting a signal on 
the video input. It can work by 
comparing the AGC voltage with 
a reference voltage correspond- 
ing to video strip gain at which 
the input signal is considered too 
small for satisfactory recording, 
or detecting the locked condition 
of the syne separator. It is, there- 
fore, possible to “unmute’ the in- 
puts by feeding a 15625 Hz pulse 
train (or even sine wave) into the 
video input, Care should be 
taken not to overload the cir- 
cuitry as the standard input sensi- 
tivity is 1 V,p, so the syne pulse 
level will be around240 mV pp 
Another good source of video 
signal is a TV games console with 
AV input (connect video only!), If 
the games console has got only 
RF output, the CVBS signal can 
be taken from the RF modula- 
tor’s input (there are usually only 
3 connections: supply, CVBS and 
audio). Such audio recording will 
not even remotely approach hi-fi 
standard, as the best one can 
achieve is a bandwidth of 70 Hz 
to 8 kHz. The way to improve it Is 
to design an ADC and DAC with 
sufficient error-correcting capa- 


68 


bility to cater for drop-outs and 
other imperfections of the tape, 
and record it as a video signal. 

It would require a certain 
amount of lateral thinking and 
knowledge of VCRs to make the 
signal acceptable for VCR record- 
ing (for instance, it must incurpo- 
rate a 50 Hz syne signal that is 
used not only as vertical syne, but 
also for tracking and change-over 
of the helical video tracks}, A 
video bandwidth of 3 MHz 
should be sufficient to record 
digital audio. 

T hope your correspondent J. 
van Oyen will find the above re- 
marks helpful; [ wish him success 
in recording sound on VCR, 
Marcin Frankowski 
Warsaw & New Zcaland 


Dear Editor—Following the let- 
ter from J. v. Oyen (Letters 5/96). 
a suggested approach would be 
to pick up the “VEST” signal from 
the VCR and use this to give the 
necessary syne signal. This could 
also be done successfully with a 
short link lead from the RF out- 
put to RF input socket on the 
back of the VCR, but then tuning 
the VCR to its own Lest signal 
complicates the process. A third 
way would be that used by a 
friend of mine, who uses an 
Amiga to generate a “Test Card’ 
signal, 

Mark Sinden 

Portsmouth 


Thank you both for this informa- 
tion which will, no doubt, be of 
great interest to not only Mr van 
Oyen, but also a number of other 
readers. 


|Editor| 


HARMONIC DISTORTION METER 
(July/August 1996) 


Dear Editor—Having just read 
the article on the Harmonic Dis- 
tortion Meter, I find that there is 
something of a conceptual prob- 
lem in the design. There have 
been, in the past, many attempts 
to try the same idea in other pub- 
lications, all of which have fallen 
into the same traps. This is not to 
belittle the idea, but merely to 
give an alternative perspective 
into discovering distortion on an 
audio signal. 

The most effective method of 
removing an original signal to 
leave only the unwanted product 
is to use a mixer. To match the 


circuit prior to the mixer master 
input. However, the complexity 
of this part of the circuit is less 
than the twin T filter and has the 
advantage that it can operate 
over a very wide range of fre- 
quencies. There is in effect no 
calibration of the circuit with the 
exception of adjustment of level 
and phase. 

Since most constructors will 
have the minimum of equipment 
to test the device and that this 
equipment will be of dubious 
‘quality and calibration’, it is un- 
likely that distortion measured in 
this manner would be Jess than 
0.5% but 1 would be more 
likely. 

With the mixer technique, the 
oscillator distortion is nulled in 
the mixer, thus improving on the 
products resulting from the test. 

Of course, the mixer ap- 
proach allows considerable devel- 
opment into a true instrument 
rather than the somewhat primi- 
tive device you have shown. 
Component count is not greatly 
higher for a much more accurate 
and more prolessional device. It 
is possible to design a distortion 
meter and simple spectrum ana- 
lyser into one box by providing 
ramped control voltages to the 
oscillator and oscilloscope, 

Your picture at the bottom of 
p. 27 shows an engineer in a 
clean workshop environment 
with in excess of £5000 of equip- 
ment. [tis quite another matter 
for the average home budding 
boffin in hissher bedroom or gar- 
den shed to achieve similar re- 
sults. 

I feel your magazine is the 
best ‘constructor’ magazine of its 
type and will continue my sub- 
scription as there seem to be no 
others offering a similar stan- 
dard. | am an engineer currently 
working for the Sema Group, a 
large multi-national computer 
software company as a network, 
hardware and software techni- 
cian. L also have a home elec- 
tronics repair business and design 
and develop electronic hardware 
tor other companies on an ad hoe 
basis, Thanks again for a great 
read. 

D. Tutt 
Chatham. Kent 


Your letter has been forwarded to 
the relevant designer for comment. 
In the mean time, we welcome re- 
actions from other readers on this 
topic. 


‘test circuit’ parameters requires [Editor] 
a phase and amplitude matching 
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When it comes to 
developing practical 
applications, many 
electronics designers 
go for a computer. 
Because a computer 


electronics on-line 
Webbed, too: the Parallax BASIC Stamp — 


velopment tools (both hardware 


UAL [hupsinwne paralasise combi: 
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and software) for its RISC proces- 
sors. The www (world wide web) 
site gives easy access to information 
about these products. Much more 
interesting, however, is the direct 
link to the ftp server, ftp://ftp.pa- 
rallaxinc.com, The directory ‘pub’ 
(for public domain) contains files 
which are available for general use. 


often gives 
access to the 


Internet, a lot 
of relevant 
information is 
collected via 
the Net. For 
users of the 
BASIC Stamp 
from Parallax 
(series | or Il) 
the Internet 
has a solid 
amount of 
information available 
on this tiny computer. 
This information con- 
sists of datasheets 
and ready-to-run 
applications. 


By our Editorial Staff 


Although the many powerful search 

engines available on the Net will ulti- 

mately enable you to the find the de- 

sired information, the exercise may be 
tedious and time consuming. The 
good news is that it has been done for 
you, and we are pleased to present the 
‘most interesting addresses we came 
across during our search for anything 
related to the Parallax BASIC Stamp 
computer. Type the Internet 
URL http://www.parallaxinc.com to 
surf to the home base of the Stamp 
computer, hosted by Parallax Inc. The 
makers of the BASIC stamp have used 
-a PIC controller from Microchip Inc., 
and loaded it with a BASIC interpre- 
ter. Apart from the BASIC Stamp, Pa- 
rallax Inc, also supply a range of de- 
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BASIC Stamp Application Notes 


Helpfia application noes reduce learning time 


Wu offer & growing colectiint af appitivation mites tor the Stamp Land Stsingy IE. These qotes cover varie ig 
sefial sqm, atc os LUD anerteanp, siding AB cum enem. und wodkitg With X10. a] 
The apphuation tuk one availabbe an the Eelliwing tree bortas 
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PROGRAMMERS FOR 
PROGRAMMERS 
The ftp server also supplies the so- 
called List Of Stamp Applications, 
which is available as a text file 
(LOSA.TX1T) or an html document 
(LOSA.HTM). This document de- 
scribes over thirty applications of 
the BASIC Stamp, a large number of 
which may be used straight away. 
In some cases, even the complete 
software is available from an Inter- 
net address. The aim of LOSA is to 
encourage users of the BASIC 
Stamp to exchange their knowledge 
and experience with others who 
have access to the Net. In many 
cases, the applications indicate the 
original designer’s e-mail address, too. 
Parallax themselves also chip in on 
their ftp site with two Adobe Acrobat 
documents, called bslapps.pdf and 
bs2apps.pdf. These documents contain 
twenty applications for the BASIC 
Stamp I, and two for the BASIC Stam- 
p Il, respectively. The articles presented 
in these documents form excellent st- 
arting points for any programmer, be- 
cause they show how the BASIC 
Stamp is interfaced with external hard- 
ware. The articles also provide highly 
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Helpful Links 


. ETP si 
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* Microchip Technolugy:. Ine, 

* How to use BASIC Stamps ont Macintosh muniey SoffPC 


* LAVAL Guin of Stamp Applications) Comtribudon Borm Adu uy 
applicutions you have disvowered to thik database. 


* Mailing Lists, Subscribe ft our various Parallax rvailiey Hsts. 


* Search past posts i the BASIC Stamps mailing lint 
* Statistics for the Parallax Web Site, both in text ond graph foemar 


useful programming examples. Appli- 
cations that may be found in these do- 
cuments include a model train control- 
ler, the use of X-10, and the use of 
PWM (pulse width modulation) to ge- 4 
nerate an analogue output voltage. 


The Parallax site has a very useful 
link to a Swedish site, 
http://www.hth.com run by High Tech 


Microchip 10) Keubedded, Conttid Semniatie fn foremaplett 


ME ROCHIP: 
Microchip Technology Incorporated 
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Horizon, the driving force behind 
LOSA. The main disadvantage of this 
site is that the information is available | 
in Swedish only. Hopefully, this will be 
changed to English in the near future. 

The Parallax ftp site also contains 
datasheets of a number of PIC families 
(-5x, -64, -71 and -84). These documents 
are again available for both the BASIC 
Stamp I and I, and may be downlo- 


aded as pdf files (Adobe Acrobat); 
965064) 
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GENERAL 


Ready-made printed-circuit boards (PCBs), self-adhesive front panel foils. AGMs, EPROMs, PALs, GALs, microcontrollers 

and diskettes for projects which hava appeared in Etektor Electronics may be ordered using the order form printed oppasite. 

The form may also be used to order books (private customers only), 

» tems marked with a dot '@) following the product number are in limited supply only, and their avatlavility can not be 
Quarantead by the tima your order is recerved. 

» Items not listad here are not available. 

» The artwork for making PCBs which are not available ready-made through tha Readers Services may be found in the 
relevant article 

» EPROMS, GALs, PALS, (E}PLDs, PICs and other microcontrollers are supplied *eady-peogrammed, 

Prices and item dascriptions subject to change. The pubtishers reserve the right to change prices without por notification. 

Prices and item descriptions shown here supersede those in previous issues. E. & 0.£ 


ORDERING INSTRUCTIONS, P&P CHARGES 


Except in the USA and Canada, all orders, except for subscriptions and past issues (for which see below). must be sent BY 
POST to our Dorchester office using the Order Form opposite. Please nate that we can not deal with PERSONAL CALLERS 
ag fo stock is carrlad at the editorial and administrative office 

Readers in the USA and Canada should send orders, axcept for subscriptions (for which see below), ta Old Colony Sound 
Lab. Peterborough NH. whose full address is given on the order farm opposite, Please include shipping cast according to 
total order value, For surface delivery In the USA, if order is less than $50, include $3; $50+, $4. For Canada surface, ff less 
than US$S50, include USS5; US$50+, USS7,50. For air or other deliveries, please inquire. Please allow 4-6 weeks for 
delivery, 

All other customers must add postage and packing charges for orders up to £26.00 as follows; UK and Eire £2,10, surface 
mall outside UK £2 60; Europe (airmail) £3.10; outside Europe (airmaill £3.85. For orders over £25.00, but not exceeding 
£100.00, these p&p charges should be doubled, For orders over £100.00 in value, p&p charges will be advised 


HOW TO PAY 


Unless you have an approved credit account with us, all ordars must be accompanied by the full payment, including postage 
and packing charges ag Stated above, 

Payment may be made by chaque drawn on a London clearing bank (but see para. 4 below), postal order, VISA 
Access, MasterCard or EuroCard (when paying by credit card, the order must go the cardholder's address}, Do not send 
cash through the mall. Cheques and postal orders should be crossed and made payable to Elektor Electronics (Publishing} 
Paymant may also be made by direct transfer from a private or business Giro account to our Giro account No, 
34 152 3801 by completing and sending to the National Giro Centre, in a National Giro postage paid envelope, a National 
Giro tansfer‘deposit form, Oo not sand Gire transfers direct to us, as this will delay your orde:. 

f you live outside the UK, payment may also be made by Bankers’ sterling drat! drawn on a London clearing bank, 
Eurocheque mada out in pounds sterling (with holder's guarantee card number written on the back}, or US or Canadian 
dollar chequa drawn on a US or Canadian bank 

if you pay by Bankers’ steeling draft, make clear to the issuing bank that your full name and address MUST be communicated 
to the London clearing bank 

Our bankers are National Westminster Bank, 49 South Street, DORCHESTER, Dorset O71 1DW, England 
Our account number is 6966 33940 
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SUBSCRIPTIONS & PAST ISSUES 


Subscriptions and past Issues, if available, should be ordered from Worldwide Subscription Service Ltd, Unit 4, Gibbs 
Reed Farm, Pashiay Road, TICEHUAST TNS 7HE, England. For subscriptions, use the subscriptions order form elsewhere 
inthis magazine 

Prices of past issues (except July/August and December), Including postage for single copies, are £3.20 {UK and Eire): 
£3.50 (surtace mail outside UK); £3.75 (alr mall Europe); £4,50 (airmail outside Europe). Prices of past July.’August and 
December issues, Inciuding postage tor single coples, are £4.25 (UK); £4.50 (surface mail outside UK}. £4.75 (airmail 
Europe}; and £5,50 (airmail outside Eurape) 


PAST ARTICLES 


For information on past articles, please contact our Edltoria! and Administrative Office in Dorchester (telephone 01305 
250995; fax 01905 250996). 


COMPONENTS 


Components for projects appearing in Elektor Electronics are usually available from appropriate advertisers in this magazine. 
If difficultias in the supply of components are envisaged, a source will narmally be advised In the article, It should be ated 
that the source(s) given Is (are) not exclusive — other suppliers may also ba able to help, 


TERMS OF BUSINESS 


Delivery Although every effort will be made to dispatch your order within 2-4 weeks from seceipt of your instructions, we 
can not quarantee this time scale for all orders 

Relurns Faulty gootls or goads sent in error may be returned for replacement or correction, but not before obtaining our 
consent, Alt qoods retumed should be packed securely in a padded bag of Dox, enclosing a covering letter stating the 
dispatch note number. It the goods are returned because of a mistake on our part. we will refund the return postage. Goods 
refurnad for relund must be in resaleable condition and will be subject to a 10% nandling charge with a minimum charge of 
£2.50, 

Damaged goods Claims for damaged goods must be received at our Dorchester office wittin 10 cays (UK) 14 days 
(Europe) or 21 days {all other countries) from the date on our ‘Recorded delivery’ slip 

Cancelled orders Ali cancelled orders will be subject to 2 10% handling charge with a minimum charge of £2.50, 
Patents Patent protection may exist in respect of circuits, devices, components, and so on, described in our books and 
magazines, Elektor Electroni¢s (Publishing) do not accept responsibility or liability tor failleg to Identify such patent or other 
protection. 

Copyright All crawings, photographs. artictes, printed circuit boards. programmed integrated circults, diskettes and 
software carriers pubbshed in our books and magazines (other than in third-party advertisements) are copyright and may not 
be reproduced or transmitted in any form or by any means, including photocopying and recording. in whole or In part, 
without the prior permission of Elektor Electronics (Publishing) in writing. Such written permission must also be obtained 
before any part of thase publications is stored in a retrieval system of any nature 

Notwithstanding the above, printed-clrcutt boards may be produced for private and personal use without prlor permission. 
Limitation of liability Elekter Electronics (Pubsishing} shall not be liable in contract. tort. or otherwise. for any loss or 
damage suttered by the purchaser whatsoever or howsoever ansing out of, ar in connexion with, the supply of goods or 
services by Elektor Electronics (Publishing) othar than to supply goods as descnbed or, at the option of Elektor Elactronics 
(Publishing). to refund the purchaser any money paid in respect of the goods. 

Law Any question relating to the supply of goods and services by Elektor Electronics (Publishing) shall be determined in all 
respects by the laws of England July 1996 
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Standby Unit for TV Economy 960063-1 


Digital Compass S60085-1 
RS232 Interface tor 4/0 

Converter ICL?7106: 

- software on disk 966016-1 
AF Power Limiter 

JULY/AUGUST 1996 
Solar-Charging Regulator 930096 
Continuity Tester UPBS-1 
Symmetrical Power Supoly UPBS-1 
Harmonic Distortion Meter 936024-1 
Sound-to-Light Unit 960123-1 
50-MHz dBm Meter 964039-1 
Precision Battery Capacity 

Meter 964040-1 
Video Fader S64076-1 
Inexpensive AD/DA Converter: 

- PCB 964092-1 
- software on disk 966009-1 


Single-Chip AF PowerAmp  964104-1 


JUNE 1996 
Flash EPROM Programmer’Emuiator 


- PCB + disk 960077-C 
- disk only 966017-1 
Keyboard Swap for PCs 9501 26-1 
Stop that Barking! 960035-1 
23cm ATY preamplifier Q60072-1 
Pulsimeter S60005-t 
Burglar Deterrent Lighting 960022-1 


MAY 1996 

Intelligent Chess Clack: 

~ PCB + 87051 (946645-1) 950097-C 
- 87051 $46645-1 
Digital VU meter (2} 

- PCB + EPROM (946646-1) 950098-C 
- EPROM 270512 $46646-1 
Surround Sound Subwoofer (31: 


- PCB 980049-4 
Mains Voltage Monitor 
- PCB 960055-1 


64-Channel Logic Analyser: 
- main PCB, disk &IC4.1CS 960033-C 


- 164 isp $11016 S6E506-1 
-IC5 ispLSi1016 966506-2 
- disk (MSD0S) 966010-1 
- extension PCBs (3-in-1) 960033-2 
- IC 20/30/40 ispL$1016  966506-2 
APRIL 1996 

U24028 Battery Charger 9501 20-1 
Centronics Interface: 

- PGB + disk (966008-1) 960052-C 
» Disk (Windows) 966008-1 


PC-Controlled AF Analyser (2): 


- Software on disk 966001-1 
MARCH 1996 

Houseplant Buzzer 

{4on 1 board) 9501184 
PiC-Cantrolied RDS Decoder 

- PCB + PIC (966505-1) $60050-C 
- PIC 16084 $66505-1 


FEBRUARY 1996 
SIMM tester 
- PCB + EPROM (966503-1)960039-C 


- EPROM 966503-1 
(2¢ Intertace for Centronics 

part 

PCB + disk {946202-1} 950063-C 
- control software on disk 946202-1 
Passive VU mete? 950124-1 
Fi Receiver in SMT 936049 
Icy Roads Warning 960029-1 
JANUARY 1996 

SECAM-to-PAL Converter © 950078-2 
Copybit Inverter: 

- PCB + MACHGAL 950104-C 
- MACH/GAL 956513-1 
Passive Component Tester 

- PCA 960092-1 
- Front panel foil 

DECEMBER 1995 

3.3-15¥ Power Supply 950106-1 
Practice Amplifiar for Guitars 950016-1 
Smart Transistor Tester: 

- PCB + PIC (956502-1} © 950114-C 
- PIC 16071 956502-1 


Micro PLC System 
- PCB + B7C750/51 + disk 950093-C 


- 870750/51 956514-1 
- contro! software on disk = 956016-1 
Active potentiometer 954099-1 
Descaler 954080-1 
Active probe 9§4093-1 
Two-way PC-Fax Interface 954033 


NOVEMBER 1985 
PIP Processor; 
- PCB + 87051 (956505-1) 950078-C 


~ 87051 956505-1 
Fi noise squelch 950089-1 
PA 300 power amplifier 950092-1 
dogging LED 950112-1 
Oscilloscope prescaler 950115-1 


12.00 24.00 
7.50 15.00 


6.00 12.00 
Not Availabie 


4.25 
1.95 
1,95 
§.50 
9.50 
16.50 


16.56 
3.90 
3.90 

11.00 

19.00 

33.00 


2.00 
12.25 


16.00 
24.50 


Not Available 
7.00 14,00 
6.25 12.50 


72.00 
17.75 95.50 


43.50 
14.50 


69.75 139.50 
27,50 55.00 
27.50 55.00 

7.00 14.00 
17.00 34,00 
27.50 55.00 


12.00 24.00 


16.26 
6.00 


42.50 
12.00 


26.00 52.00 


10.00 


27.40 
22.75 


28.25 
10.25 


20,25 
12.25 
4.00 
5.00 
6.00 


29.00 


44.00 
36.25 


13.75 27.50 
Not available 


9.25 
17.25 


18.50 
34.50 


44.25 
36.50 


88.50 
71.00 


44.50 
24,50 
10.00 
$.50 
5.75 
4.00 
11,75 


89.00 
49.00 
20.00 
19.00 
11.50 
16.00 
23.50 


54.75 109.50 
30.75 61.50 
10.75 21.50 
19.75 39.50 

7.00 14.00 
27.75 $5.50 


Elektor Electronics 


950011-C 
- 87051 956508-1 
- Course diskette (DOS) 956009-1 
- Quick Reference Card 950011-P 


Special Autumn Supplement: 

- Experimentation board for 
PIGs, incl. frae disk for PLO 
Emulaten Using PIC Miere- 


controllers 944105-1 
SEPTEMBER 1995 
Hi-Fi headphone amplifier = 950064-1 
Dongle safe: 
- POB $50069-1 
~ GAL IC2 (208) 956511-1 
- GAL IG6 (2210) 956512.1 


HexFET power amp upgrade 
- ampliher PCB 

+ power-on delay PCB 
Copybit eliminator update: 

- PCB + MACH (956504-1) 950084-0 


930102 
924055 


+ MACH IC 956504-1 
RF tone-dip oscillator 950095- 
JULY/AUGUST 1995 
Active mini subwoofer $96047 
Mini robot car 996069 


Simpte AF function generator 9S0023- 
AlxaliManganese battery 

charger 950056- 
Fast charger for NiCd batteries: 


~ PCB + ST62T20 (956509-1}950076-C 
- $T62T20 956509- 
Simple 0 card 954074-1 
6-V motive battery charger 940083- 
JUNE 1995 

Function generator 

- PCB 950068-1 

- Frant panel toil §50068-F 


Electronic sandglass: 
- PCB + APC7H1 (94H647-1)950052-C 


+ 870751 946647-1 
Auto lignt control 950050-1 
VGA distribution amphfier  950017-1 


MAY 1995 

MIDI analyser 

- PCB + EPROM {956507-1}940020-6 
~ EPROM 956507-1 
Programmer for 87/'89051 

series Flash controllers 

~ PCB + EPROM (956644-1}950003-C 
- EPROM 946644-1 
Programmadle sine wave generator: 

- PCB + disk (956005-1) 950004-C 
«control sottware on disk = =956005-1 
NiCd battery-quallty tester 

- PCB + ST62T15 (956506-1}950051-C 


» ST62T15 956506-1 
APRIL 1995 

Electronic barometer 936033 
Bat detector 936046 
Sun blind control 950095-1 
Function generator 

- PCB + front panel foil 950044-0 
- PCB 959044-4 
~ Frant panel toll 950044-F 
Stepper motor control: 

~PCB + 8751 + disk 950038-C 
~ 764 956503-1 
-tast program on PG disk 956004-2 


MARCH 1995 
Telephone-controlled mains switch: 
- PCB + PIC (946642-1)  950010-C 
+ PIG 16054 946642-1 
DSP function generator: 
- PCB + disk (956001-1} + 

EPROM (956501-1) 950014-C 
- EPROM 270512 956501-1 
= sottware on IBM PC disk = 956001-1 
- Windows program manual 950014-P 
TDAI5600 car audio 
amplifier g50024-1 


FEBRUARY 1995 


49.25 116.50 


43,50 
11.50 
4.25 


4.00 


12,75 
10.00 
11.75 


2.75 
6.45 


40.50 
36.60 
3.25 


12.25 
8.00 
7.50 


6.75 


29,50 
17.75 


26.25 
17.76 

a7 
10.00 


34.25 
16.75 


26.50 
14.50 


19.50 
12.25 


25.25 
18.25 


4.50 
10.25 
9.25 


2175 
11.00 
12,60 


87.00 
24.00 
6,50 


35.50 


10.00 


25.50 
20.00 
23.50 


25.50 
12.90 


81.00 
73.00 
10.50 


24.50 
16,00 
15.00 


13.50 


45,50 
29.50 
23,00 
14.50 


59.00 
35.50 


52.50 
35.50 

9.50 
20.00 


66.50 
33.50 


53,00 
29.00 


39,00 
24.50 


50.50 
96,50 


17.00 
20.50 
18,50 


49,50 
22.00 
25.00 


50.75 101.50 


35,25 
376 


22.00 
17.50 


49,00 
13.25 
16.50 

7.50 


9.50 


70,50 
7.50 


x 


MIDI multipiexar 

Automatic fighting timer 
Infrared dieimer 
Light-effects generator 
Upgrade your car battery 
charger 

Surround sound processor 
Induction motor governor 


JANUARY 1995 

Mini Audio DAC 
1-to-d-phase converter: 
- PCB + GAL + EPROM 
» GAL 

- EPROM 

P.0.8.T, diagnostic card 


PCB + GALS (946699-1/2)950008-C 


» GALA 

- GAL-2 

Seltloadiag EEPROM type 
XOSCH4 SLIC 

Debugging 80378054 
microcontroller systems” 
- PCB + disk (946203-1) 


~ software on IBM PC disk 946203-1 


DECEMBER 1994 
In-car audio amplltier (3) 
AF immune power supply 
ispStarter kit fram Lattice: 
- PCB + disk (946204-1) 
- Exampies on PC disk 


NOVEMBER 1994 


Single-wire communication 940055-1 


In-car audio amplifier (2) 
Solid-state disk 


PCH + EPROM (946641-1)990085-C 


- EPROM 27256 
Simple capacitance meter 


OCTOBER 1994 
Motlve-battery charger 
Integrated AF amplifier: 
- Output amplifier board 
- praamplifter PCB 


Tester for IR remote control 940084-1 


In-car audio ampillier (1) 
TY line monitor: 

- PCB + PIC (946643-1) 
- PIG 16054 


Elektor Electronics 
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Please send this order form to * 


Elektor Electronics (Publishing) 


P.O. Box 1414 
Dorchester DT2 8YH 


ENGLAND 
Tel. (01305) 250995 
Fax (01305) 250996 


* 


order form to; 


USA and Canada residents only: use § prices, and send 


Old Golany Sound Lab, P.O. Box 243, Peterborough, 


NH 03458. 


Tet. (603) 924-6371, 924-6526, Fax: (603} 924-9467 


Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and diskettes, 
state the part number and description; for books, state the full title; for photocopies of articles, state full 
name of article and month and year of publication. Please use block capitals. 


Order Code 


Method of payment (see opposite before ticking as appropriate) 
Note: cheques not made out in sterling must be increased by the equivalent of £15.00 


(_] Bank draft 


_} Postal/money order 


=| 


Name 
Address 


LJ Cheque (payable to Elektor Electronics Publishing} 
|_] Giro transfer (our account no. 34 152 3801) 


a Description 


Post code 
Date 


Prices and item descriptions subject to change. 
The publishers seserve the right to change 
prices without prior notification. Prices and stem 
descriptions shown here supersede those in 
previous issues. E, & OE 


Sub-total 
P&P 
Total paid 


30.00 
| 
| 
| 


93010t 15.00 SEPTEMBER 1994 
§40098-1 10.75 21.50 Switchable a.c. supply 934004 
940109-1 9.75 1950 Compact frequency meter 940051-1 
940100-1 6.50 13.00 Revolution counter; 
- sensor board joptian) 940045-1 
940111-1 7.00 14.00 - main board 940068-1 
950012-1 18.75 37.60 
940095-1 7,50 1500 JULY/AUGUST 1994 
General purpose IR volume 
control 930099 
940099-1 14.75 29.50 IR controlled switch 936066 
MIDI swell pedal: 
S40077-C 5275 105.50 - PCB + EPROM (946635-1)940019-C 
946640-1 1225 2440 | -£PROM 27064 946695-1 
S4f640-2 9 15.75 91,50 | Charge meter 940033-1 
| Joystick-to-mouse adaptor 944040-1 
29,25 68.50 Centronics |0 interface 944067-1 
946699-1 = 11.00 22.00 800451 controller board 944069-1 
946639-2 13,00 26,00 Robust AF power amp 944075-1 
PC over-temperature alarm = 944076-1 
940116-1 825 16.50 1-4 MByte SIMM adaptor == 944094-1 
Optical doorbel 944080-1 
PIC experimenting board 944105-1 
940117-C = 15.00 30,00 RC5 transmitter with 8OC535: 
11.50 23.00 - PCB + disk (946199-1) 944106-C 
- sottware on IBM PC disk 946199-1 
Small loop antennas: 
940078-2 30.25 60.50 - software on IBM PC disk 1951 
940054-1 9.00 18.00 Software emulation of ACS 
infra-red code: 
s4andga-C = 21.50 43.00 + software an IBM PC disk 1904 
946204-1 975 19.50 PIC programming course: 
- files and mise. utilities on 
IBM PC disk 946196-1 
4.00 8.00 
940078-2 30.25 60.50 JUNE 1994 
§0C535 SBC extension: 
47.60 96.00 ~ software on IBM PG disk 1941 
946641-1 23.50 47.00 - I2C display software on 
940091-1 10.00 20.00 IAM PC disk 946197-1 
FC bus booster 940057-1 
RS485 interface 940095-1 
940083-1 725 1450 Fuel consumption monitor = 940045-1 
Iniailigent EPROM eraser 940058-1 
936062-1 9,50 19.00 
SSB062-2 28.25 56.50 MAY 1994 
650 13.00 Mains signalling system - 2: 
S40078-1 = 14.00 28.00 - Transmitter PCB, disk (1914) 
and EPROM (6371) 940021-20 
940065-C 2625 62.50 - EPROM 27064 Bart 
946644-4 20.28 40.50 + software on IAM PC cisk 1991 


9/96 


Signature: 


APRIL 1994 
Mains signalling system - 1 


- receiver board 940021-4 
68HC11 processor board 930123 
Headphones amplifier 940016 


MARCH 1994 
800535 assembler course: 


» EMONS2 ROM + disk (1811) 6221 
- disk (IBM PC format) 1811 
100W AF amplifier 

- adaptor board 930039 
+ amplifier board 920135-1 
- protection board 920135-2 
FEBRUARY 1994 

800535 single-board 

computer 924046 
Copybit eliminatar 

~ PCB + MAGH + GAL 930098-C @ 
- MACH + GAL 6321 
Mini preamplifier 930106 
Biclrectional R5232-to- 

Centronics conveter 930134 
JANUARY 1994 

SIM — an 8051 simulator 

- software on IBM PC disk 1931 
Cigital dial 920161 
RDS decoder: 

- PCB + EPAGM (6331) = $30121-0 
- EPROM 27064 6331 
FC tester: 

- PCB + GAL {6341} 930128-C 
- GAL type 6001 6341 
Tetephone-controlled switch 

- EPROM 2764 6271 
DECEMBER 1993 

535 card with EPROM emulator: 

- GAL and PAL 4311 
AMS AF voltmeter: 

- PGB 930108 
- front panel foil 930108-F 
I2C power switch 930091 
Medium power HEXFET 

amplifier 930102 
Microcontroller-driven WART: 

- PGB 930073 
- 8162710 7151 
SCART switching box 930122 


17.05 
8.60 


4.25 


19.40 
7.95 


14.10 
46.25 
42,25 
29.25 


14.00 


34,25 
12.75 


23.75 
14.50 


36.25 
30 75 


14.50 


26.00 


12.25 
17,25 
§.25 


12.75 
479 


7.25 
14.25 


20,50 
15.50 
97,50 


44.10 
17,60 
16.50 


38.80 
15.90 


28.20 
92.50 
84,50 
56.50 


28.00 


68.50 
25.50 


31,50 
29.00 


72.50 
61.50 


29.00 


52.00 


24.50 
34.50 
12.50 


25,50 
9.50 


44.50 
28.50 


79 


9-96 
VAT No.GB 454 135 463 


Pree: £2.95 + P&P (£1.50 UK; £2.00 outside UK} 


NOVEMBER 1993 
Precision clock for POs: 


- PGB + disk (1871) 930058-C 
- oftware on 1AM Pe disk 1874 
VHF/UHF TY tuner 
- PCBs -1 and -2, and 

uC 87051 47141) 930064-C 
- 0 87051 M44 
Output amplifier with AF 
bandpass filter 930071 
Digital hygrometer 
-PCB + EPROM (6301) = 930104-6 
- EPROM 2784 6301 
Power MOSFET tester 930707 
OCTOBER 1993 
Stereo mixer UPBS-1 
MIDI channel monitor 930059 
Ah meter with digital display 930068 
Autoranging frequency 
seacout 930094 
ROM-gate switchover for 
Atari ST 930005 
Microntrolier-criven NiCd 
battery charger 
+ board and ST62E15 920162-0 
- 8762615 wort 


Fuzzy logic multimeter - 2: 
» PGB + Fuzzy Control One =9§20049-C 


- Fuzzy Control One disk 1721 
SEPTEMBER 1993 
Fuzzy logic rmouitimeter -1 $20049.2 


(uss) 
Linear temperature gauge 920150 7.05 14,10 - front panel foil S20095-F@ 13.80 27,60 MARCH 1992 
PC-aided transistor tester MAY 1993 Output amptifier for ribbon 8751 emulator 920018 @ 12,05 2410 
~ PCB 920144 9.75 19.50 Fis stereo signal generator 920155 23.00 46.00 loudspeakers 920138-1@ 1940 33.80 - EPROM 27064 + IBM disk 6051 29.40 58.80 
- software on IBM PC disk 1781 7.50 15.00 Philips preamplifier 920135-2@ 7.95 1590 A-D/D-A ang 1/0 for 20 bus 
Harmonic enhancer 930025 13.50 27.00 - PCB 930003 7.50 15.00 | Peak-delta NiCd charger 920147@ 410 820 - PCB 910131-2@ 615 1230 
(2C alphanumerical display + software on IBM PC disk 1861 850 17.00 Mains power-on delay 924055@ 645 12.90 - software on IBM PC disk 1821 7.65 15.30 
- PCB + disk (1851) 930044-6 1425 2850 
- Software on IBM PC disk #851 $50 17.00 APRIL 1993 NOVEMBER 1992 FEBRUARY 1992 
Mini micro clock Audio power meter 930018@ 10.25 2050 | Difference thermometer 920078 @ 5.30 10.60 12C interface for PCs 910131-1@ 1440 28.80 
~ PCB 930055 7.50 15.00 Video digitizer for PCs Low-power TTL-to-AS232 8051/8032 assembler Course 
- clock: ST62T15 7111 11,50 23.00 - PCB + disk (1831) 930007-C@ 37.00 74.00 interlace 920127@ 355 7.10 - EMONS1 EPROM + course 
- darkroom timer; ST62T15 7121 11.50 23.00 - Software on IBM PC disk 18631 14,50 29.00 disk for IBM PCs (1661) 6061 20.00 40.00 
- cooking timer: STH2T15 7141 11.50 23.00 Infrared recelver for 80C32 OCTOBER 1992 - EMONS1 EPROM + course 
950-1750 MHz converter UPBS-1 1.95 3.90 singie-board computer Wideband active amenna 924101@ 325 650 disk for Atari (1681) 4091 20.00 40,00 
~ PGB and disk (17911) 920148-C@ 14.50 29,00 RDS demodulator &80209@ 536 10.60 - course disk for IBM PCs 1661 7,65 15.30 
JULY/AUGUST 1993 - software on IBM PC disk, Pascal routines for Multi- - Course disk for Atari 168 7.65 15,90 
Active d-way loudspeaker also for DTMF decoder 17391 7.50 1500 tunction Measurement Card 
system 930016 = 21,50 43,00 4MB printer buffer card tor PCs: software on disk 1751 970 19.40 JANUARY 1992 
Maxi micro clock - PCB 920009@ 27.50 55.00 Mini 280 system S10060@ 10.60 21,20 
- PCB 930020 15,50 31.00 - EPROM 27064 6041 15.30 30.60 SEPTEMBER 1992 Prototyping board for 
= clock: ST62T10 7081 11.60 23.00 - front panel foi! 920008-F@ 8.25 16.50 EPROM emuiatar - 1 IBM PCs 910049@ 21.15 42.30 
- darkroom timer; STE2T10 7091 1150 23.00 - PCB 910082 @ 10.00 00 PC-controlled weather 
+ cooking timer: ST62T10 7101 1150 23.00 MARCH 1993 + Software on [8M PC disk 129 675 13.50 station (3) 
SMD soldering station 930065 9.50 19.00 Linear sound pressure meter 930MGie 700 14.00 - software on IBM PC disk 
VHF-low converter 926087 = 15.50 31.00 Electrically isolated RS232 JULY 1992 (supersedes 1551 and 1561) 1641 7.65 15.30 
I2¢ ous fuse (5 on 1 PCB) 934016 8.00 16,90 interface 920138@ 10.25 20.50 12VDC to 240VAC inverter 
Voice operated recording 934039 600 12.00 TV test pattern generator for - main board 920039-1@ 11.15 22.30 DECEMBER 1991 
General transformer PCB 934004 6.50 13.00 8032 SBC » power board 920039-2@ 645 12.90 Class-A power amplifier (2) 
Plant humidity monitor 934031 4.50 9.00 - EPROM 27256 6151 15.30 30,60 - front panel foil 920038-F@ 16.15 32.30 - protection PCB 880092-3@ 7.50 15.00 
Plant humidity monitor - power supply PCB 680092-4@ 7.60 15.20 
{supply} 934032 400 8.00 FEBRUARY 1993 JUNE 1992 Connect-4 software in 
Four-iold DAC card for PCs Digital audiovisual system (4} (2¢ display 920004@ 4.70 4940 2764 EPROM 6081 15.30 30.60 
- GAL 6251 10.75 21.50 - software package, EPROM, Guitar tuner 
Multi-purpose display decoder GALs and IBM PC disk 6181 30.450 61.00 - PCB 920033 @ 10.00 20.00 NOVEMBER 1991 
- EPROM 27128 6261 11.50 23,00 U24008 NiGo battery charger - front panel fol 920033-F@ 8.80 +760 | Relay card for universal 
- PCB 920098@ 3875 17.50 Multi-purpose 280 card 920002 @ 20.25 40.50 \0 interface S10038@ 12.95 25.90 
JUNE 1993 - front panel foil 920098-F@ 875 17.50 - GAL set (2x1 6VB) 6111 11,15 22.30 Class-A power amplitier (11 
Spectrum VU meter 920151 19.00 26.00 Digital-audio ennancer 920169 @ 14.25 28,50 - BIOS EPROM 27128 6121 15.30 30.60 - voltage amp. PCB B80092-1@ 9.95 19.90 
GAL programmer upgrade: (2C opta;relay card - software on IBM PC disk 1714 7.65 15.30 - current amp. PCB 880092-2@ 905 1810 
- PCB 930060 450 900 | -PCB 930004@ 11.00 22.00 Timer tor CH systems UPBS-2 3.80 7.60 
- software an IBM PC disks 1701 11,15 22.30 ~ software on IBM PC disk 1821 7.65 15.30 May 1992 24-bit full-colour video 
- idem. w'o Opal Jr. disks 1681 10.75 21.50 Watt-hour meter GAL programmer: digitizer (extension for 
- software on Amiga disk 1841 11.00 22.00 - PCBs «1 and -2, and - PCB 920030@ 11.15 22.30 Archimedes project) 
Digital frequency readout | EPROM (6241} 920148-C@ 37.25 74.50 ~ Software: see June 1993 - software on Arch, disk 1631 11.15 22.30 
for VHF/UHF receiver 926001-2 11.50 23.00 - EPROM 27256 6241 10.00 20.00 
Inexpensive phase meter: APRIL 1992 
- main board 930046 900 18.00 DECEMBER 1992 80032 SBC extension 910109@ 13.50 27.00 
- meter board 920018 470 940 | 1,2 GHz multifunction 2-metre Fe receiver 910134@ 10.30 20.60 
- front panel foil 930046-F 17.25 34.50 frequency meter Automatic NiCo charger UPBS-1 195 390 
X2404-to-8751 interfacing - PCB + EPROM (6141) 920095-C@ 2940 58.80 LCD for L-C meter 920018@ 470 940 Syailability ot alder items is advised by our Dorchester 
- Software on IBM PC disk 1894 $50 17.00 - EPROM 270256 64 11.45 22.90 Office, tel (01305) 250995, fax (01305} 250996. 


PLEASE MENTION ELEKTOR ELECTRONICS WHEN CONTACTING ADVERTISERS 


THE No.1 COMPONENT SOURCE FOR ELEKTOR ELECTRONICS PROJECTS 
ponte 


64-Channel Logic Analyser Surround Sound SubWoofer Micro PLC System 
Superb project which no serious habbyis! or SPH-300TC subwoofer £950093 Components set, incl, case, 
lab worker can afford to miss, We have the | wgt, Skgs 87751 and disk 219.00 


complete parts sets for you to assemble Satellite Finder [November 1995 
—— : ; 359.00 | 540041 Companens set, 119.00 Janes ted ns 

las rogrammer /emulator MAR-8 or eq. MSAOB85 18.50 Feedthrough | Qseill Prescaler 
£960077 Components set incl. 29F040, ClnF 0.75 Ferrite bead 3mm 0.75 EDSOITS Components set, complete, but 
excl, 32-p. ZIF socket 285.00 PIC-controlled RDS decoder exc, mains transformer 349.00 
Stop That Barking! ; £960050 Components sel, 2N427 39.95 2N428 28.90 
£960035 Components set excl. plastic ind, PEB + PIC 169.00 | 4.194304MHz xtal 2.95 BAT82 0.75 

§F450 0.40 


ox and batteries 25.90 | 1947330 24.25 LCD LMI6A21) 47.50 
October 1995 


Choke 2?mH 2.95 Tokoac buzzer 2.95 | 4 339MHz crystal 2.95 
MatchBox BASIC Computer 


23cm ATV Pi ifi 
‘00 —e February 1996 
£950011 Components set, incl. PCB, 87(51, 


£960072 Comp. set incl. metal box122.75 
1°C Interface For Centronics Port 
disk, Full 1DC and RS232 connector set, 


MGF1302 31.75 MSAN685 12.95 
N65 Components set, incl, software 
on dis 122.90 | Quick Ref. Card 195.00 


Pulsimeter 

£960005 Components set incl. 9¥ 

rechargeable and case SIAM Tester MAX232N 5.25 ST24(02B1 sEEPROM 3.95 
ST24CO4B1 sEEPROM 3.95  ST24C16 

FO Ore tw MCD. 289-00 | <FEPROM 6.95 11,0592 MHz xtol 4.95 


CNY70 2.95 
PLC44 socket 4.95 
January 1996 


C-I’s 
TOP 10 
L.A. kit 

TDA7330 
3 Surround 
Sound kit 
TDA 7088 
TDA7330 
UV616S 
PIP! 
MatchBox 
LM16A21 
10 SAA3049 


July/August 1996 


Harmonic Distortion Meter 
936024 Components Set 52.50 


50-MHz Decibel-Milliwatt-Meter 

£964039 Components set, 

incl, metal box 

Parts: MAX] 38CPL 76.20 
40606 151.25 

Precision Battery Capacity Meter 


£964040 Components sel, 
incl. Heatsink and reloy 55.00 


THATS RIGHT, YOU FOUND US 


<> The only international mail order company totally 
dedicated to Elektor Electronics projects. 
<> Prices in Netherlands Guilders (NLG), excl. YAT. 
<> Contents of ee Sets matches published 
arts lists, including PCB and software item(s) 
> Mini cataloque against one IRC (ask at your PO). 
<> All components are new, from major 
manufacturers, ond fit on Elektor Electronics 
rinted circuit boards. 
<> No surchorge on credit card orders. 
<> The one-stop source for all Elektor Praja 
<> Component Set order codes underlined. 


199.00 
P&P 40 (Eu) 


PLEASE NOTE: NEW ADDRESS AND FAX NUMBER! 


September 1996 


Standby Unit for TV Economy 

£960063 Components set, 

without plastic box 

Parts: SFH506-36 
SAA3049 19.50 
Relais Siemens 10.95 
Term.black 3-pin 7.5mm 1.50 
PCB-Mains-tranf, 9V 8.95 


121.95 


Keyboard Swap for PCs 
£9501 26 Components set incl. PCB type 
PIP Processor 
£950078 Components Set, incl, 87€51 


DIN sockets 34.95 

Burglar Deterrent Lighting 
PCB, case, excl. transformer 575.00 
Price without PCB and 875): 398.00 


£960022 Components set w/o cose 64.50 
September 1995 


115.00 


5.95 345.00 


Copybit inverter 
£950104 Components set 


December 1995 


199.00 


May 1996 


Logic Analyser 


Simple Infrared Detector 
No kit available! 
Parts: TSL245 6.50 


Video Test Chart Generator 
£960076 Components set, 
inl, PAL-UHF-modulator 
Parts: CKAI645P 47.50 
27€040 38.50 
PCB-Mains-transf. 6¥ 11,50 
PAL-UHF-modulator 27.50 
Digital Thermometer high /low /hold 
£960010 Components set 105.00 
Ports; LM35(Z 18.95 
Xtal 8Mc low profile 3.95 
LED display HD1105 4.95 
Electronic Compass 
No kit available! 
Parts: Compass sensor 6945 110.- 


July/August 1996 


Solar-charging regulator 
£950086 Components set, 
incl metal box ond heatsink 


189.00 


92.50 


1,25 
5.95 
9.95 


Parts: Press-key CIL3 
Heatsink SK59/37 
Siemens relay 


Video Fader 

£96407 6 Components set 

Parts: LT1251CN 42,50 
ADB847JN 22.95 


Inexpensive AD/DA Converter 

£964092 Components set incl. PCB! 

and software! 94.25 

Parts: 2N426E 11.50 
Software-disk 966009 29.75 
964092 (home made}17.50 


Single-Chip AF Power Am 


‘e' 04 Components set, incl. IC 
and heatsink 125.00 
Parts: OPA541 AP Burr Brown! 79.00 


Heatsink SKK71/50 —-13.50 
Sound-to-light Unit 
£950123 Comp. set incl. box and 
mains-sockets 179.06 
Ports: L850 Metalbox © 42.95 
$201S01 Sharp opto 14.95 


110.00 


£960033-C Components set for 16 Ch. main 
instrument, incl. PCB, disk and ispLS! chips, 
excl. case and power supply 359,00 
£960033-U1 Ext. board 3 x16Ch, incl 
1x16 Ch, parts(!) 229.00 
£960033-U2 Components set 1x16 Ch 
(extension for £960033-U1} 189.00 
Surround-Sovnd Subwoofer - 3 
£960049 Components set Filter and 
Amplifier (mono} excl. large power supply 
and speaker 379.00 
SPH-300TC subwoofer 199,00 

MJE15030 9.75 61200201 34.95 
MJE15031 9.75 GT20D101 34.95 
Digitol VU Meter 

ADSP2105-KP40 47.50 

MAX7219(NG 34.50 (S8412(P 89.00 


April 1996 


U2402B Battery Charger 

£950120 Components set, incl. PCB, 

ESM case and tronsformer 119.00 
U2402B-C 9.95 BUZIOSGS 2.95 


Smort Transistor Tester 
£950114 Components set, incl. PIC, PCB 
& LO 215.00 


Hi-Fi Headphones Amplifier 
£950064 Components Set w/o box 39.95 


We have much more than con be listed here 


CATALOQUE AGAINST ONE IRC 


C-1 Electronics PO. Box 5544 NL 3008 AM Rotterdam 


The Netherlands 


Fax*: (+31) 104861592, email: DIL @ EURONET NL 


When faxing please include your full address for return mail 

Enclose one IRC with oll correspondence. Prices are in Netherlands 
guilders (NLG), subject to change without prior notice, exclusive of 
17.5% VAT (BTW) and P&P. E. & 0. E.Private customers in EU 
countries add BTW (sales tox) ot 17.5%, then P&P. 

P&P: Airmail; recorded delivery. Europe: NLG 15.00 for weight to. 1kg. 
Outside Europe: NLG'15.00 for weight up to 250g. Extensive ordering 
info supplied with catalogue. Please ask for a-C-{ orderform. 


VISA. - MASTER - ACCCESS - EUROCARD ores wekome 


Increase the ’ Scope 0 of your PC! 


Harness the processing and storage 
power of your existing PC (286 or better) 
to give you a high performance storage 
‘scope for a fraction of the price of a 
comparable piece of equipment. 

If you've already got a PC, with MS- 
Windows for accessing the assembly 
instructions, don't waste money buying 
a storage ‘scope when you can build © 
yourself this superb PC Storage 
Oscilloscope add-on unit: 

Features include 8-bit vertical 


“TIFF (lagged image File) forrnat, and 


linear or rounded interpolation. 


* Accurate Oscilloscope Operation 

* Comprehensive Software _ 

* Expandable to 2-Channel 

* Waveform Storage, Printer Output 

* Timebase 100ns to 100ms/div 

* Input Sensitivity 1OmvV to 5V/div 

* Ideal for Laboratories, Schools and 
Colleges 

PC Storage Scope Kit, 

Order Code 51272, £169.99 

UK Carriage £6.00 


INTERESTED? 


Demonstration Disk 


See the full-colour 
display, with sample 
waveforms and 
operational controls 
on your own PC! 


Only £2.99 
Order Code 51273 


Equips the PC Storage Scone with a 
second channel allowing side-by-side 
comparison of two signals. 

Order Code 51271, £64.99 

UK Carriage £2.90 


ORDER NOW on 0800 136156 


or phone 01702 552911 for details of 
your nearest Maplin or Mondo store. 
All items subject to availability, Prices include VAT. 
Handling charge £1.55 per mail order. EXOE. 


AP FT). 
IN 


